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as aiended under Article 19, 

filed with the deiand, 

filed with the letter of 03 . 05 . 96, 

filed with the letter of , 



[x] the drawings, sheets/fig 1/8-8/8. 

sheets/fig 
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sheets/fig 



as originally filed, 
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_, filed with the letter of 
filed with the letter of 



2. The aiendients have resulted in the cancellation of: 

[ ] the description, pages • 

[ ] the claiis, Nos. ... . 

[ ] the drawings, sheets/fig • 

3. [ ] This report has been established as if (soie of) the aiendients had not been lade, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such stateient 



1. STATEMENT 

Novelty (N) Claiis 1-59 YE 

Claiis . **° 

Inventive Step (IS) Claiis 1-59 

Claire 

Industrial Applicability (IA) Claiis 1-59 

Claiis 



YES 
NO 



YES 
NO 



2. CITATIONS AND EXPLANATIONS 

The following document, has been considered for the pur- 
poses of this report:: 

Dl: Plant Molecular Biology, 11 (1989) pp. 411-418. 

I) Inventive step of the present application lies in the 
finding that a strong inhibitio n of the citrate synthase 
activity in cells of potato plants leads to an inhibi- 
tion of flower formation in these plants and that in- 
creasing the citrate synthase activity in said plant 
cells also leads to a modified flowering behaviour of 
these plants, in particular to premature flower forma- 
tion and to an increased number of flowers (pages 2-3 of 
the description). This is neither disclosed nor sug- 
gested by the cited prior art. 

II) Dl which is considered to be the closest prior art 
document amongst those cited in the International Search 
Report, discloses the isolation of a cDNA encoding 
mitochondrial citrate synthase from frrfrbjcfopgig 
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thaliana . However, Dl does not prompt the skilled person 
to search in other plants, other DNA sequences coding 
for citrate synthase proteins. Nor does Dl suggest the 
DNA sequences as defined in claim 42. 

Ill) Novelty and inventive step (Article 3 3.2 and 3 PCT) are 
therefore acknowledged for the subject-matter of the 
present set of claims. 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claiis, description, and drawings or on the question whether the 
claiis are fully supported by the description, are lade: 

1 ) The expression : 

- "essentially identical" in claims 46-48 (even in the 
light of the definition given page 4 of the description) 
renders the scope of the claim unclear since said "es- 
sentially identical amino acid sequence" has no func- 
tional limitation; accordingly, the claims do not sat- 
isfy the requirement of Article 6 PCT. 

2) Claims 43-51 cannot be dependent upon claim 1 for obvi- 
ous reasons (Article 6 PCT) 
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This HUernaLionai search report has been prepared by tins International Sealing Authority and is transmitted to the applicant 
according u> Article 18. A copy is being transmitted to the International Bureau. 



This international search report consists of a total of 3 sheet-;. 

f ~)(] it is also accompanied by a copy of each prior art document cited in this report. 



[ ] C ertain claims were found unscarcha hlc (see Box 1). 
j | t nity of invention is lacking (see Box II). 

j V I I he international application contains disclosuie of a nucleotide and/or amino acid sequence listing and the 
mtci national seaich was earned out on the basis of the sequence listing 

j filed with the international application. 

[ ~] furnished by the applicant separately from the international application, 



\ ] but not accompanied by a statement to the effect that it did not include 

matter going beyond the disclosure in the international application as Hied. 

J Transcribed by this Authority 



4. With regard to the title, the text is approved as submitted by the applicant 

P~] the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

CxJ Uie text is approved as submitted by the applicant. 

fn the text has been established, according to Rule 38.2(b), by this Authority as it appears in 

Box 111. The applicant may, within one month from the date of mailing of this international 

search report, submit comments to this Authority. 



The figure of ihe drawings to be published with the abstract is: 
Ngute No. r -_~ [ ] as suggested by the applicant. 

[ ] because the applicant failed to suggest a figure. 

f ] because this figure better characterizes the invention. 



None of the figures. 
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EMBO (EUROPEAN MOLECULAR BIOLOGY 
ORGANIZATION) JOURNAL 14 (4). 1995. 
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LANDSCHUETZE V., ET AL. 'Inhibition of 
flower formation by antisense repression 
of mitochondrial citrate synthase in 
transgenic potato plants leads to a 
specific disintegration of the ovary 
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see the whole document 
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"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



26 June 1995 



Date of mailing of the international search report 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. ( + 31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: ( + 31-70) 340-3016 



Authorized officer 



Macldox, A 



Form PCT/ISA/210 (second iheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



E^. 



In^^hjional Application No 

rW/EP 95/00859 



C.(Continuauon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO-A-93 18154 (AGRONOMIQUE INST NAT RECH) 

16 September 1993 

see page 12, line 10 - line 24 

WO-A-93 12239 (ICI PLC) 24 June 1993 
see page 9, line 13 - page 11, line 26 

PLANT MOL BIOL 13 (4). 1989. 411-418. , 
UNGER E A, ET AL. 'ISOLATION OF A 
COMPLEMENTARY DNA ENCODING MITOCHONDRIAL 
CITRATE SYNTHASE FROM 
ARABIDOPSIS-THALIANA. ' 
see the whole document 



19 
19 

1-10 



Form PCT/ISA/210 (continuation of second iheet) (July 1992) 



page 2 of 2 




INTE 

In! 



ATIONAL SEARCH REPORT 

on on patent family members 



Prf/ 



onal Application No 

/EP 95/00859 



Patent document 

r*it#*H in cparr^Vi rrnnrt 

V/l K-K> \J. ill dCOl 1 1 vUUl l 


Publication 


Patent family 
member(s) 


Publication 
date 


WO-A-93 18154 


16-09-93 


FR-A- 


2688228 


10-09-93 






EP-A- 


0629242 


21-12-94 






FI-A- 


944042 


12-10-94 






N0-A- 


943266 


01-11-94 



W0-A-9312239 24-06-93 AU-B- 3165793 19-07-93 



Form PCT/ISA/210 (patent family annex) (July 1992) 



"rld intellectual property organization 

International Bureau 




* PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C12N 15/50, 15/82, 9/88, 5/10, A01H 5/00 



Al 



(11) International Publication Number: WO 95/24487 

(43) International Publication Date: 14 September 1995 (14.09.95) 
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(72) Inventors; and 
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(54) Title: PROCESSES FOR INHIBITING AND FOR INDUCING FLOWER FORMATION IN PLANTS 



(57) Abstract 

Processes for inhibiting flower formation and processes for inducing flower formation in plants, and processes for improving the 
storage capability of storage organs of useful plants and processes for reducing the sprouting of tubers in tuberous plants are described. 
Also described are DNA sequences which modify the activity of the citrate synthase of the plant upon integration into a plant genome, 
plasmids which contain these DNA sequences and transgenic plants in which modifications in the activity of the citrate synthase are brought 
about by introducing the DNA sequences. The described DNA sequences are sequences from Solanum tuberosum, Nicotiana tabacum and 
Beta vulgaris which code for the enzyme citrate synthase. The invention also describes transgenic potato plants in which an inhibition of 
flower formation, a reduction in the storage losses of the tubers and a reduction in the sprouting of the tubers comes about because of an 
inhibition of the citrate synthase activity, and transgenic potato plants in which a premature induction of flower production comes about 
because of the over-expression of a citrate synthase. 
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Processes for inhibiting and for inducing flower 

formation in plants 



5 

The present invention relates to processes for inhibiting 
flower formation and processes for inducing flower formation in 
plants, and to processes for improving the storage capability 
of storage organs of useful plants, and to processes for 

10 reducing the sprouting of tubers in tuberous plants. The 
present invention also relates to DNA sequences which code for 
plant citrate synthases and to new plasmids containing these 
DNA sequences, which, upon integration into a plant genome, 
modify the activity of the citrate synthase in the plant, and 

15 to transgenic plants in which modifications in the activity of 
the citrate synthase are brought about by introducing these DNA 
sequences . 

Because of the continuously increasing demand for food, which 

2 0 results from the constantly growing world population, one of 

the tasks of biotechnology research is to endeavour to increase 
the yield of useful plants. One possibility of achieving this 
consists e.g. of modifying the flowering behaviour of 
agriculturally useful plants. Increasing the number of flowers 
25 is for example desirable with plants whose flowers, fruits or 
seeds are used agriculturally. Premature flower formation leads 
to a shortening of the period between sowing and flowering and 
can thus permit the cultivation of plants in climatic regions 
with shorter vegetation periods, or the application of two 

3 0 sowings within one vegetation period. Inhibiting flower 

formation can be advantageous in plants which multiply in 
predominantly vegetative manner, and can lead to an increased 
deposition of stored substances in storage organs. One example 
of such an agriculturally useful plant is the potato. 

35 

Targeted modification of the flowering behaviour in plants has 
however as yet not been possible since the process of inducing 
flower formation in plants is not yet very well understood as 
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a whole. Various substances such as e.g. carbohydrates, 
cytokinins, auxin, polyamines and calcium are discussed as 
inducers of flower formation. Overall, however, the impression 
is created that flowering induction is a complex process in 
5 which several factors interact which have not as yet been 
unequivocally identified (Bernier et al . (1993) Plant Cell 
5 : 1147-1155) . 

To date, chemical substances have as a rule been used to modify 
flowering behaviour. Thus, it is e.g. known that inhibiting 

10 flower formation in the case of sugar cane, which leads to a 
considerable increase in the sugar yield, can be achieved by 
the exogenous application of different synthetic growth 
regulators (monuron, diuron, diquat) . The use of such synthetic 
substances is, however, generally associated with a high 

15 expenditure and environmental risks which are difficult to 
assess . 

It therefore appears desirable to provide processes which 
permit a targeted modification of the flowering behaviour, in 
20 particular inhibition or induction of the flower formation, in 
the case of various useful plants, whilst avoiding the use of 
synthetic substances . 

It is therefore the object of the present invention to provide 

2 5 processes which permit plants to be produced whose flowering 

behaviour is modified, in particular plants which are inhibited 
in their flower formation, or plants which display premature 
flower formation and an increased amount of flowers . 

3 0 The present invention describes genetic engineering processes 

in which a change occurs in the flowering behaviour of plants 
because of the modification of the activity of an enzyme which 
is involved in respiratory processes in the cells. 

3 5 It was surprisingly found that a strong inhibiton of the 
citrate synthase activity in cells of potato plants leads to a 
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complete inhibition of flower formation in these plants, and 
that increasing the citrate synthase activity in cells of 
transformed potato plants also leads to a modified flowering 
behaviour of the plants, in particular to premature flower 
5 formation and to an increased number of flowers. 

To produce plants with a reduced citrate synthase activity, DNA 
sequences which code for enzymes with the enzymatic activity of 
a citrate synthase were isolated from different plant species . 
10 These are DNA sequences from plants of the Sola.na.ceae family, 
in particular from Solarium tuberosum and Nicotiana tabacum, and 
sequences from plants of the Chenopodiacae family, in 
particular from sugar beet {Beta vulgaris) . 

A subject of the invention are therefore DNA sequences from 
15 plants of the Solanaceae family, in particular the species 
Solanum tuberosum and Nicotiana tabacum, and of the 
Chenopodiaceae family, in particular the species Beta vulgaris , 
which code for enzymes having the enzymatic activity of a 
citrate synthase, and which, after integration into a plant 

2 0 genome, permit the formation of transcripts by which an 

endogenous citrate synthase activity can be suppressed, or the 
formation of transcripts by which citrate synthase activity in 
the cells can be increased. The invention relates in particular 
to DNA sequences which code for a protein having one of the 
25 amino sequences given in Seq ID No . 1, Seq ID No . 2 or Seq ID 
No. 3, or for a protein having an essentially identical amino 
acid sequence, and to DNA sequences which have one of the 
nucleotide sequences shown in Seq ID No . 1, Seq ID No . 2 or Seq 
ID No. 3, or an essentially identical nucleotide sequence. The 

3 0 invention also relates to derivatives of the sequences shown in 

Seq ID Nos . 1-3 which can be derived from these by insertion, 
deletion, substitution of one or more nucleotides or by 
recombination, and which code for proteins having the enzymatic 
activity of citrate synthase. 
3 5 Recombinant DNA molecules, e.g. plasmids, and bacteria 
containing these DNA sequences or sections or derivatives 



\ WO 95/24487 




PCT/EP95/00859 



- 4 - 



thereof are also a subject of the invention. 

The term "essentially identical" in relation to DNA and amino 
acid sequences means that the sequences in question have a high 
degree of homology and that there is functional and/or 
5 structural equivalence between the DNA sequences or amino acid 
sequences concerned. A high degree of homology is understood to 
be a sequence identity of at least 40 %, preferably above 60 % 
and particularly preferably above 80 %. Sequences which are 
homologous to the sequences according to the invention and 

10 differ from the DNA sequence or amino acid sequence according 
to the invention at one or more positions are as a rule 
variations or derivatives of this sequence which represent 
modifications which perform the same function. They can however 
also be naturally occurring variations, for example sequences 

15 from other organisms, or mutations, where these mutations may 
have been caused naturally or were introduced through targeted 
mutagenesis. The variations can also be synthetically produced 
sequences . 

The proteins coded by the different variants of the DNA 

2 0 sequence according to the invention have certain common 

characteristics. These may include e.g. enzyme activity, 
immunological reactivity, conformation etc., and physical 
properties such as e.g.' the mobility gel electrophoreses, 
chromatographic behaviour, sedimentation coefficients, 
25 solubility, spectroscopic properties, stability etc. 

It was found that an inhibition of flower formation occurs in 
transformed plants when DNA sequences which code for a citrate 
synthase are introduced into plant cells and expressed in anti- 

3 0 sense orientation, which causes the citrate synthase activity 

in the cells to be reduced. 

Within the scope of the present invention, inhibiting flower 
formation means that the transformed plants either no longer 
35 develop any flowers at all, develop fewer flowers than non- 
transformed plants or that some flowers do form but they do not 
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develop into functional flowers . Inhibiting flower formation 
also means that the plants do indeed develop flowers, but that 
the latter are sterile and do not lead to the formation of 
seeds or fruits, or are capable of functioning to only a 
5 limited extent and lead to the formation of fewer seeds 
compared with wild- type plants. In particular, inhibiting 
flower formation means that male sterile flowers are formed or 
flowers in which the male reproductive organs form fertile 
pollen only to a small degree. The term means also that from 
10 the plants are formed flowers in which the female reproductive 
organs are absent, are not functional or are reduced in size 
compared with wild-type plants. 

Inhibiting flower formation also means that transformed plants, 
if they flower, flower later than non-transformed plants, as a 
15 rule several days later, preferably one to several weeks later, 
in particular 2 to 4 weeks later. 

A subject of the invention is therefore the use of DNA 
sequences which code for a citrate synthase for inhibiting 
20 flower formation in plants, and the use of such sequences for 
the expression of a non- translatable mRNA which prevents the 
synthesis of endogenous citrate synthases in the cells. 

The present invention also relates to a process for inhibiting 
25 flower formation in plants, characterized in that the citrate 
synthase activity in the cells of the plants is reduced, 
whereby this reduction is achieved preferably by inhibiting the 
expression of DNA sequences which code for citrate synthases. 

30 Particularly preferred are processes in which flower formation 
inhibition is achieved by inhibiting the expression of 
endogenous citrate synthase genes through the use of anti-sense 
RNA. 

35 The present invention relates in particular to processes for 
inhibiting flower formation in plants, characterized in that 
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a) a DNA which is complementary to a citrate synthase gene 
present in the cell is stably integrated into the genome 
of a plant cell, 

5 b) this DNA is expressed consti tutively or is inducible due 
to the combination with suitable elements controlling the 
transcription, 

c) the expression of endogenous citrate synthase genes is 
10 inhibited because of an anti-sense effect and 

d) plants are regenerated from the transgenic cells. 

The expression of a DNA which is complementary to a citrate 
15 synthase gene present in the cell is as a rule achieved by 
integrating into the genome of the plants a recombinant double- 
stranded DNA molecule comprising an expression cassette having 
the following constituents and expressing it: 

2 0 A) a promoter functional in plants, 

B) a DNA sequence coding for citrate synthase which is 
fused to the promoter in anti-sense orientation, so 
that the non- coding strand is transcribed, and if 

25 necessary 

C) a signal functional in plants for the transcription 
termination and polyadenylation of an RNA molecule. 

3 0 Such DNA molecules are also a subject of the invention. The 

present invention provides such DNA molecules which contain the 
described expression cassettes in the form of the plasmid pKS- 
CSa (DSM 8880) which comprises the coding region for citrate 
synthase from potatoes, and of the plasmid TCSAS (DSM 93 59) 
3 5 which comprises the coding region of citrate synthase from 
tobacco, the composition of which is described in Examples 3 
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and 8 respectively. 

In principle, any promoter active in plants can be used as the 
promoter. The promoter is to ensure that the chosen gene is 
5 expressed in the plant. It is possible to use both those 
promoters which guarantee a constitutive expression in all 
tissues of the plant, such as e.g. the 3 5S promoter of the 
cauliflower mosaic virus, and those promoters which guarantee 
expression only in a certain tissue, at a certain time in plant 
10 development or at a time determined by external influences. The 
promoter can be homologous or heterologous in relation to the 
transformed plant. 

The use of tissue-specific promoters represents a preferred 
subject of the invention. 

15 

The DNA sequence which codes for a protein having the enzymatic 
activity of a citrate synthase can, in principle, originate 
from any chosen organism, preferably from plants . The sequence 
used originates preferably from the plant species which is used 
20 for the transformation, or from a closely related plant 
species . 

A preferred embodiment of the process discussed above provides 
that a DNA sequence which originates from a plant of the 
Solanaceae family or the Chenopodiaceae family, in particular 

2 5 from Solarium tuberosum, Nicotiana tabacum or Beta vulgaris is 

used for the DNA sequence which codes for a citrate synthase. 
Particularly preferred embodiments provide for the use of a DNA 
sequence which codes for a protein having one of the amino acid 
sequences given in SeqID No . 1 , SeqID No . 2 or SeqID No . 3 or an 

3 0 essentially identical amino acid sequence, in particular a DNA 

sequence which is identical or essentially identical to one of 
the DNA sequences given in SeqID No. 1, SeqID No . 2 or SeqID 
No . 3 . 

Also, using standard processes and the already known DNA 
3 5 sequences which code for citrate synthases, other DNA sequences 
can be isolated from any organisms, preferably plants which 
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code for proteins having the enzymatic activity of a citrate 
synthase. These sequences can also be used in the processes 
according to the invention. 

5 The anti-sense orientation of the coding DNA sequence given in 
B) in relation to the promoter causes a non- translatable mRNA 
to form in the transformed plant cells which prevents the 
synthesis of an endogenous citrate synthase. 

Instead of the complete DNA sequences according to the 
10 invention given in SeqID No. 1, SeqID No . 2 and SeqID No. 3, 
partial sequences thereof can also be used for the anti-sense 
inhibition. Sequences up to a minimum length of 15 bp can be 
used. However, an inhibiting effect is not excluded when 
shorter sequences are used either. Longer sequences between 100 
15 and 500 base pairs are preferably used, for an efficient anti- 
sense inhibition, sequences having a length above 500 base 
pairs are used in particular. As a rule, sequences are used 
which are shorter than 5000 base pairs, preferably sequences 
which are shorter than 2500 base pairs. 

2 0 It is also possible to use DNA sequences which have a high 

degree of homology to the DNA sequences according to the 
invention, but which are not completely identical, in the 
process according to the invention. The minimum homology should 
be greater than approx. 65 %. The use of sequences having 
25 homologies between 95 and 100 % is to be preferred. 

DNA sequences can also be used which result from the sequences 
shown in SeqID No. 1, SeqID No. 2 or SeqID No. 3 by insertion, 
deletion or substitution without the inhibiting effect of the 
anti-sense sequence thereby being destroyed. 

3 0 The DNA fragments used for the construction of anti-sense 

constructs can also be synthetic DNA fragments which were 
produced using current DNA synthesis techniques. 

The plants obtainable from the described process are also a 
3 5 subject of the invention, which are characterized in that they 
display a reduced citrate synthase activity in the cells as a 
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result of the expression of an anti-sense RNA which is 
complementary to DNA sequences which code for a protein having 
the enzymatic activity of a citrate synthase. Such plants are 
also characterized in that they contain an expression cassette 
5 stably integrated into the genome, which comprises the 
following sequences : 

A) a promoter functional in plants, 

10 B) a DNA sequence coding for citrate synthase which is fused 
to the promoter in an ti -sense orientation, so that the 
non-coding strand is transcribed, and if necessary 

C) a signal functional in plants for the transcription 
15 termination and polyadenylation of an RNA molecule. 

The plants are preferably the plants given above. 

As is described in the embodiments taking the potato as an 

2 0 example, there occurs in potato plants, because of the 

reduction in the citrate synthase activity by means of an anti- 
sense effect, an inhibition of flower formation in transformed 
plants. In particular, transformed potato plants display more 
or less drastic phenotypes depending on the degree of reduction 
25 in the citrate synthase activity. A marked reduction in the 
citrate synthase leads to the complete inhibition of flower 
formation. Plants with a less marked inhibition do produce buds 
but these are not developed to functional flowers. Plants can 
also be produced which develop flowers, but whose female 

3 0 reproductive organs are not functional. 

Similar effects are observed with transgenic tobacco plants 
which show a reduction in the citrate synthase activity. 
Flowers are developed here also whose female reproductive 
organs are greatly reduced in size. 
3 5 The inhibition of flower formation via the reduction in the 
citrate synthase activity is not however only of interest for 
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potatoes or tobacco, but should be of wider significance for 
plant breeding and agriculture. E.g. the possibility can be 
cited of achieving a chronologically determined flower 
induction or inhibition by combining the DNA sequences 
5 according to the invention with exogenously regulatable control 
elements. This can play a role in the prevention of frost 
damage . 

The processes according to the invention can be used both on 
dicotyledons as well as on monocotyledons. Plants which are of 

10 particular interest are useful plants such as types of grain 
(e.g. rye, wheat, corn, oats, barley, maize, rice etc.), types 
of fruit (e.g. apricots, peaches, apples, plums etc.), types of 
vegetable (e.g. tomatoes, broccoli, asparagus etc.), ornamental 
plants or other economically interesting types of plants (e.g. 

15 potatoes, tobacco, rapeseed, soyabeans, sunflowers, sugarcane 
etc . ) . 

The use of the present invention in particular with sugar beet 
is of particular interest , since here " shooting" can be 
prevented by inhibiting flower formation. Since shooting is 

2 0 induced by low temperatures, the seeds are planted relatively 

late (in April /May) in order to prevent shooting. By inhibiting 
the citrate synthase in sugar cane, a reduction in shooting 
would be achieved. This permits the sugar beet seeds to be sown 
earlier which then leads to an increased yield because of the 
25 extended vegetation period. 

In addition to inhibiting flower formation, in transformed 
potato plants which display a reduced citrate synthase activity 
in the cells, a reduced sprouting of the tubers and a reduced 

3 0 respiration in cells of the tubers was observed, compared with 

non-transformed plants. This leads to lower storage losses and 
an improved storage capability of the tubers . The process 
according to the invention is therefore also suitable for 
producing plants with an improved storage capability of the 
3 5 storage organs, whereby improved storage capability is 
understood within the context of this invention to mean that 
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the stored storage organs of transformed plants show smaller 
losses of fresh and dry weight after a period of storage, 
compared with those of non- transformed plants. Storage organs 
are understood to be typical harvestable organs of plants, such 
5 as seeds, fruits, tubers and beets. 

The process is suitable in particular for producing transgenic 
potato plants whose tubers have an improved storage capability, 
smaller storage losses and reduced sprouting of tubers compared 
10 with wild- type plants. Reduced sprouting of tubers means that 
the tubers of transformed plants form sprouts which have a 
lower fresh and dry weight compared with sprouts of non- 
transformed plants. The commercial benefits of these effects 
are obvious . 

15 

A subject of the invention are therefore also processes for 
improving the storage capability of storage organs in plants, 
characterized in that the citrate synthase activity in the 
cells of the plants is reduced, this reduction preferably being 
2 0 achieved by inhibiting the expression of DNA sequences which 
code for citrate synthases. 

Particularly preferred are processes in which the citrate 
synthase activity is reduced by inhibiting the expression of 

2 5 endogenous citrate synthase genes through the use of an ti -sense 

RNA. 

The present invention relates in particular to processes for 
improving the storage capability of storage organs in plants, 

3 0 characterized in that 

a) a DNA which is complementary to a citrate synthase gene 
present in the cell is stably integrated into the genome 
of a plant cell, 

3 5 b) this DNA is expressed constitutively or inductively by 
combination with suitable elements controlling the 
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d) 



c) 



transcription, 

the expression of endogenous citrate synthase genes is 

inhibited by an anti-sense effect and 

plants are regenerated from the transgenic cells . 



5 



Such processes can be used on all types of plants which develop 
storage organs, preferably on agricultural useful plants and 
particularly preferably on types of grain (rye, barley, wheat, 
maize, rice etc.), types of fruit, types of vegetable, on 
10 plants which develop tubers such as e.g. potatoes or manioc, 
and on plants which develop beet as storage organs, in 
particular sugar beet. 

A subject of the invention are also processes for the 
15 production of transgenic tuberous plants whose tubers display 
reduced sprouting, characterized in that the citrate synthase 
activity in the cells of the plants is reduced, this reduction 
preferably being achieved by inhibiting the expression of DNA 
sequences which code for citrate synthases. 



Particularly preferred are processes in which the reduction in 
the citrate synthase activity is achieved by inhibiting the 
expression of endogenous citrate synthase genes through the use 
of anti-sense RNA. 



The present invention relates in particular to processes for 
the production of transgenic tuberous plants whose tubers 
display reduced sprouting, characterized in that 



20 



25 



30 



a) 



a DNA which is complementary to a citrate synthase gene 
present in the cell is stably integrated into the genome 
of a plant cell, 



35 



b) 



this DNA is expressed constitutively or inductively by 
combination with suitable elements controlling the 
transcription, 



c) 



the expression of endogenous citrate synthase genes is 
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inhibited because of an anti-sense effect and 
d) plants are regenerated from the transgenic cells . 

Such processes can preferably be used for the production of 
5 transgenic potato and manioc plants . 

What has already been stated above for the process for 
inhibiting flower production also applies to the various 
possibilities in the embodiments of the given processes , in 
10 particular for the choice and length of the DNA sequence used 
which codes for a citrate synthase , and to the choice of 
promoter . 

As an alternative to reducing the citrate synthase activity in 

15 plant cells using an anti-sense effect, the reduction can also 
be achieved by introducing a DNA sequence which codes for a 
ribozyme which specifically cleaves transcripts of endogenous 
citrate synthase genes in endonucleolytic manner. Ribozymes are 
catalytically active RNA molecules which are able to cleave RNA 

20 molecules at specific target sequences. Using genetic 
engineering methods it is possible to modify the specificity of 
ribozymes . There are different classes of ribozymes . For 
practical application with the aim of cleaving the transcript 
of a certain gene in targeted manner , representatives of two 

25 different groups of ribozymes are preferably used . The first 
group comprises ribozymes which are to be assigned to the 
Groupl-intron- ribozymes . The second group comprises ribozymes 
which have as a characteristic structural feature a so-called 
"hammerhead" motif. The specific recognition of the target RNA 

3 0 molecule can be modified by changing the sequences which flank 
this motif . Via base pairing with sequences in the target 
molecule , these sequences determine the site at which the 
catalytic reaction and therefore cleavage of the target 
molecule takes place. Since the sequence requirements for an 

3 5 efficient cleavage are extremely low, it therefore appears 
possible in principle to develop specific ribozymes for 
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practically any RNA molecule. 

Genetically modified plants whose citrate synthase activity is 
drastically reduced can therefore also be produced by 
5 introducing and expressing a recombinant double-stranded DNA 
molecule in plants which comprises: 

a) a promoter functional in plants 

10 b) a DNA sequence which codes for a catalytic domain of 

a ribozyme and which is flanked by DNA sequences 
which are homologous to sequences of the target 
molecule, and, if necessary, 

15 c) a signal, functional in plants, for the transcription 

termination and polyadenylation of an RNA molecule. 

Coming into consideration for the sequence under b) are e.g. 
the catalytic domain of the satellite DNA of the SCMo virus 
20 (Davies et al . , 1990, Virology, 177:216-224) or that of the 
satellite DNA of the TobR virus (Steinecke et al . , 1992, EMBO 
J., 11:1525-1530; Haseloff and Gerlach, 1988, Nature 334:585- 
591) . 

The DNA sequences which flank the catalytic domain are formed 
25 of DNA sequences which are homologous to the sequences of 
endogenous citrate synthase genes . 

The same as was already stated above for the construction of 
anti-sense structures applies to the sequences given in a) and 
c) . 

30 

A further aspect of the present invention consists in the 
expression of DNA sequences which code for proteins having the 
enzymatic activity of a citrate synthase in sense orientation 
in plant cells in order to increase the citrate synthase 
3 5 activity. For this, a DNA sequence coding for citrate synthase 
is fused in sense orientation to a promoter, i.e. the 3 ' -end of 
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the promoter is linked to the 5 '-end of the coding DNA 
sequence. This leads to the expression of an mRNA coding for 
citrate synthase and consequently to an increased synthesis of 
this enzyme. 

5 

It was now surprisingly found that, as a result of the increase 
in the citrate synthase activity in cells of transformed 
plants, a modification of flowering behaviour occurs compared 
with non-transformed plants. In particular, flower formation is 
10 induced. Within the scope of the present invention, the 
following are understood by this: 

a) a premature flower formation (this means in this connection 
that transformed plants flower earlier compared with non- 
transformed plants, as a rule a few days earlier, preferably 

15 one to several weeks earlier) and/or 

b) an enhanced flower formation (this means in this connection 
that transformed plants produce more flowers, preferably at 
least 10 % more flowers, compared with non- transformed plants) . 

20 Such an effect is desirable in a series of cultivated and 
useful plants such as types of vegetables, e.g. tomatoes, 
paprika, pumpkin, melons, gherkins, courgettes, rapeseed, types 
of grain, maize or cotton and in various ornamental plants. 

2 5 A further subject of the present invention is therefore the use 

of DNA sequences which code for proteins having the enzymatic 
activity of a citrate synthase, for inducing flower formation 
in plants , and processes for inducing flower formation in 
plants, characterized in that the citrate synthase activity in 

3 0 the cells of the plants is increased. The citrate synthase 

activity is increased preferably by introducing a recombinant 
DNA molecule into plant cells which comprises the coding region 
for a citrate synthase and which leads to the expression of a 
citrate synthase in the transformed cells. 



35 
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Such processes preferably comprise the following steps: 

a) stably integrating a DNA, which is of homologous or 
heterologous origin and which codes for a protein having 

5 citrate synthase activity, into the genome of a plant 

cell, 

b) expressing this DNA cons ti tut ively or inductively by 
combining with suitable elements controlling the 

10 transcription, 

c) thereby increasing the citrate synthase activity in the 
cells and 

15 d) regenerating plants from the transgenic cells . 

The expression of a DNA which codes for a protein having the 
enzymatic activity of a citrate synthase is as a rule achieved 
by integrating a recombinant double-stranded DNA molecule 
20 comprising an expression cassette having the following 
constituents into the genome of the plants and expressing it : 

A) a promoter functional in plants, 

25 B) a DNA sequence coding for citrate synthase which is 

fused to the promoter in sense orientation, and if 
necessary 

C) a signal functional in plants for the transcription 
30 termination and polyadenylation of an RNA molecule. 

Such DNA molecules are also a subject of the invention. The 
present invention provides those DNA molecules which contain 
such expression cassettes, in the form of the plasmid pHS-mCS, 
3 5 which comprises the coding region for citrate synthase from S. 
cerevisiae , and of the plasmid pEC-mCS, which comprises the 
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coding region of citrate synthase from E . coli . 

The DNA sequences given in point a) of the process, which code 
for citrate synthase, can be of both homologous or native and 
5 heterologous or foreign origin in relation to the host plant to 
be transformed. They can be of pro- as well as eukaryotic 
origin. DNA sequences coding for citrate synthase from the 
following organisms are for example known: Bacillus subtilis 
(U05256 and U05257) , E. coli (V01501), R. prowazekii (M17149), 

10 P. aeruginosa (M29728), A. anitratum (M33037) (see Schendel et 
al . (1992) Appl . Environ. Microbiol. 58:33 5-345 and references 
contained therein), Haloferax volcanii (James et al . (1992) 
Biochem. Soc . Trans. 20:12) , Arabidopsis thaliana (Z17455) 
(Unger et al.(1989) Plant Mol . Biol. 13:411-418), B . coagulans 

15 (M74818), C. burnetii (M36338) (Heinzen et al . (1991) Gene 
109:63-69), M. smegmatis (X60513), T. acidophilum (X55282), T. 
thermophila (D90117), pig (M21197) (Bloxham et al . (1981) Proc . 
Natl. Acad. Sci. 7 8:53 81-53 85) , N. crassa (M84187) (Ferea et 
al. (1994), Mol. Gen. Genet. 242:105-110) and S. cerevisiae 

20 (Z11113, Z23259, M14686, M54982, X00782) (Suissa et al . (1984) 
EMBO J. 3:1773-1781) . The numbers in brackets give in each case 
the accession numbers under which these sequences are 
accessible in the GenEMBL data bank. The sequences can be 
isolated from the said organisms by means of current molecular 

25 biology techniques or they can be produced synthetically. 

A preferred embodiment of the process according to the 
invention provides for the use of DNA sequences which code for 
citrate synthases which, compared with citrate synthases 

30 normally occurring in plants, are deregulated or unregulated, 
i.e. are not regulated in their enzymatic activity by 
regulation mechanisms which influence the activity of the 
citrate synthase in plant cells. Deregulated means in 
particular that these enzymes are not inhibited to the same 

3 5 degree by the inhibitors or activated by the activators which 
normally inhibit or activate plant citrate synthases . 
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Unregulated citrate synthases are understood within the scope 
of this invention to be citrate synthases which are not subject 
to regulation by inhibitors or activators in plant cells. 

5 Prokaryotic , in particular bacterial , DNA sequences are 
preferably used which code for citrate synthases since they 
have the advantage that the proteins which are coded by these 
sequences are subject to no regulation or only weak regulation 
in plant cells . It is thereby possible that an increase in 
10 citrate synthase activity occurs through expression of an 
additional citrate synthase in plant cells . 

In a preferred embodiment of the described process , DNA 
sequences from E. coli are used which code for a protein with 
15 citrate synthase activity, in particular the gene git A 
(Sarbjit et al . , 1983, Biochemistry 22:5243-5249). 

A further preferred embodiment of the process according to the 
invention provides for the use of DNA sequences from 
2 0 Saccharomyces cerevisia which code for citrate synthase, in 
particular the use of the DNA sequences described by Suissa et 
al. (1984, EMBO J. 3:1773-1781). 

In cases where plant DNA sequences are used, DNA sequences are 

2 5 preferably used which code for a protein having one of the 

amino acid sequences given in Seq ID No. 1 or Seq ID No. 2 or 
Seq ID No. 3 or an essentially identical amino acid sequence. 
Shorter DNA sequences can also be used which code only for 
parts of the amino acid sequences given in Seq ID No. 1 Seq ID 

3 0 No. 2 or Seq ID No. 3, provided that the resulting protein is 

guaranteed to have the enzymatic activity of a citrate 
synthase . 

A particularly preferred embodiment consists of a process in 
which the DNA sequence coding for a citrate synthase activity 
3 5 comprises the nucleotide sequence given in Seq ID No. 1 or Seq 
ID No . 2 or Seq ID No . 3 , or an essentially identical 



WO 95/24487 




PCT/EP95/00859 



nucleotide sequence or a part thereof, this part being long 
enough to code for a protein which displays citrate synthase 
activity. 

5 In addition, with the help of standard processes using DNA the 
already known sequences which code for citrate synthases, other 
DNA sequences can be isolated from any organisms, preferably 
from plants and prokaryotic organisms, which code for proteins 
having the enzymatic activity of a citrate synthase . These 
10 sequences can also be used in the processes according to the 
invention . 

Using the process according to the invention, the citrate 
synthase activity can in principle be increased in every 

15 compartment of a transformed cell. There will preferably be an 
increase in the activity in the mitochondria, the glyoxysomes 
or the cytosol . In order to guarantee localisation of the 
citrate synthase in a certain compartment of the transformed 
cells , the coding sequence must be linked to the sequences 

20 necessary for localisation into the corresponding compartment. 
Such sequences are known . For localising the citrate synthase 
in the mitochondria it is for example necessary that the 
expressed protein has at the N-terminus a mitochondrial 
targeting sequence (signal sequence) which guarantees the 

25 transportation of the protein expressed in the cytosol into the 
mitochondria . If the gene used does not already comprise a 
sequence which codes for a signal peptide, such a sequence must 
be introduced using genetic engineering methods. A sequence 
which codes for a mitochondrial targeting sequence is for 

30 example known from Braun et al . (1992, EMBO J. 11: 3219-3227) . 
The sequence must be linked to the coding region in such a way 
that the polypeptide coded by the target sequence lies in the 
same reading frame as the subsequent DNA sequence coding for 
citrate synthase . 

35 If bacterial DNA sequences are used which code for a citrate 
synthase, then all 5 ' -non-translated regions are preferably 
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removed in these. If the bacterial enzyme has signal sequences, 
then these are preferably replaced by plant signal sequences. 

The same as was already stated above in connection with the 
5 processes according to the invention for inhibiting flower 
formation applies to the choice of suitable transcriptional 
regulatory sequences, in particular promoters for expressing 
the DNA sequence which codes for citrate synthase and 
termination signals . 

10 

The described process can be used both on dicotyledons and on 
monocotyledons. Plants which are of particular interest are 
useful plants such as types of grain (e.g. rye, wheat, corn, 
barley, maize etc.), types of fruit (e.g. apricots, peaches, 
15 apples, plums etc.), types of vegetables (e.g. tomatoes, 
paprika, pumpkin, melons, gherkins, courgettes, broccoli, 
asparagus etc.), ornamental plants or other economically 
interesting types of plants (e.g. tobacco, rapeseed, soya 
beans, cotton, sunflowers etc.). 

20 

A subject of the invention are also the plants obtainable from 
the described process which are characterized in that they 
display an increased citrate synthase activity in the cells 
because of the additional expression of a DNA sequence which 
25 codes for a protein having the enzymatic activity of a citrate 
synthase. Such plants are also characterized in that they 
contain an expression cassette stably integrated into the 
genome, which comprises the following sequences: 

3 0 A) a promoter functional in plants, 

B) a DNA sequence coding for citrate synthase which is fused 
to the promoter in sense orientation, and if necessary 

35 C) a signal functional in plants for the transcription 
termination and polyadenylation of an RNA molecule. 
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The plants are preferably those listed above. 

By combining the DNA sequences according to the invention in 
the described processes for inhibiting or for inducing flower 
5 formation with exogenously regulatable control elements for the 
transcription, e.g. temperature- induced promoters, there also 
exists the possibility of chronologically determined flowering 
induction or flowering inhibition, depending on whether the DNA 
sequence is fused to the promoter in sense or an ti -sense 

10 orientation. Thus, promoters are known inter alia for a 
specific expression in flower buds (Huisjer et al . (192) EMBO 
J. 11:1239-1249) or in photosynthetically active tissues, e.g. 
the ST-LS1 promoter (Stockhaus et al . , 1989, EMBO J. 8: 2445- 
2451). To prevent the sprouting of potato tubers, and the 

15 storage losses through metabolization of the storage 
substances, appropriate promoters are those which ensure an 
activation of the transcription in the storage organs. In the 
case of potatoes, promoters are known which ensure an 
expression specifically in the tuber, e.g. promoters of class 

20 I patatin genes. An example is the promoter of the patatin gene 
B33 of Solanum tuberosum (Rocha-Sosa et al . , 1989, EMBO J. 
8:23-29). Through combination with exogenously regulatable 
control elements, for example wound- inducible or temperature- 
regulated promoters, the problem of vegetative multiplication 

2 5 in the case of potato plants whose tubers do not sprout upon 

inhibition of the citrate synthase can be solved. 
In the case of sugar beet, in analogous manner by using a beet- 
specific promoter, respiration can be reduced and consequently 
a yield loss through sugar degradation in the beet can be 

3 0 lessened. 

For preparing the introduction of foreign genes into higher 
plants, a large number of cloning vectors are available which 
contain a replication signal for E. coli and a marker gene for 
35 the selection of transformed bacterial cells. Examples of such 
vectors are pBR322, pUC series, M13mp series, pACYC184 etc. The 
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desired sequence can be introduced into the vector at a 
suitable restriction cleavage site. The plasmid obtained is 
used for the transformation of E. coli cells. Transformed E . 
coli cells are grown in a suitable medium, then harvested and 
5 lysed. The plasmid is recovered. Restriction analyses, gel 
electrophoreses and other biochemical-molecular biology methods 
are generally used as analysis method to characterize the 
plasmid DNA obtained. After each manipulation, the plasmid DNA 
can be cleaved and joined to other DNA sequences. Each plasmid 

10 DNA sequence can be cloned in the same or other plasmids . 

A multitude of techniques are available for the introduction of 
DNA into a plant host cell. These techniques include the 
transformation of plant cells with T-DNA using Agrobacterium 
tumefaciens or Agrobacterium rhizogenes as transformation 

15 agents, the fusion of protoplasts, injection, the 
electroporation of DNA, the introduction of DNA using the bio- 
ballistic method and other possibilities. 

For the injection and electroporation of DNA into plant cells, 
no special requirements as such are placed on the plasmids 

2 0 used. Simple plasmids such as e.g. pUC derivatives can be used. 

If , however , whole plants are to be regenerated from cells 
transformed in this manner, the presence of a selectable marker 
gene is necessary . According to the method of introducing 
desired genes into the plant cell, other DNA sequences can be 
25 necessary . If e.g. the Ti- or Ri-plasmid is used for the 
transformation of the plant cell, then at least the right 
border, although frequently the right and left border, of the 
Ti- and Ri-plasmid T-DNA must be joined as flanking region to 
the genes to be introduced . 

3 0 If agrobacteria are used for the transformation, the DNA to be 

introduced must be cloned in special plasmids , either into an 
intermediate vector or into a binary vector. The intermediate 
vectors can be integrated into the Ti- or Ri-plasmid of the 
agrobacteria by homologous recombination because of sequences 
3 5 which are homologous to sequences in the T-DNA. This also 
contains the vir region necessary for the transfer of the T- 
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DNA. Intermediate vectors cannot replicate in agrobacteria . By 
means of a helper plasmid, the intermediate vector can be 
transferred into Agrobacterium tumefaclens (conjugation) 
Binary vectors can replicate both in E. coll and in 
5 agrobacteria. They contain a selection marker gene and a linker 
or polyllnker which are framed by the right and left T-DNA 
border regions. They can be transformed directly into the 
agrobacteria (Holsters et al . (1978) Mol . Gen. Genet. 163:181- 
187) . The agrobacterium serving as host cell has to contain a 
10 plasmid which carries a vir region. The vlr region is necessary 
for transferring the T-DNA into the plant cell. Additional T- 
DNA can be present. The agrobacterium transformed in this way 
is used for the transformation of plant cells. 

The use of T-DNA for the transformation of plant cells has been 
15 intensively investigated and adequately described in EP 12 0516; 
Hoekema, in: The Binary Plant Vector System Of f setdrukkeri j 
Ranters B.V., Alblasserdam (1985), Chapter V; Fraley et al . , 
Crit. Rev. Plant. Sci., 4: 1-46 and An et al . (1985) EMBO J. 4: 
277-287 . 

20 

To transfer the DNA into the plant cell, plant explants can be 
expediently co-cultivated with Agrobacterium tumefaclens or 
Agrobacterium rhlzogenes . Whole plants can then be regenerated 
from the infected plant material (e.g. pieces of leaves, stem 
25 segments, roots or also protoplasts or suspension-cultivated 
plant cells) in a suitable medium which can contain antibiotics 
or biocides for the selection of transformed cells. The plants 
thus obtained can then be investigated for the presence of the 
introduced DNA. 

30 

Once the introduced DNA is integrated in the genome of the 
plant cell, it is as a rule stable there and is retained even 
in the successors of the cell originally transformed. It 
normally contains a selection marker which makes the 
35 transformed plant cell resistant to a biocide or an antibiotic 
such as kanamycin, G 418, bleomycin, hygromycin or 
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phosphinothricin etc. The individually selected marker should 
therefore permit to distinguish transformed cells from cells 
which lack the introduced DNA. 

The transformed cells grow within the plant in the usual manner 
5 (see also McCormick et al . (1986) Plant Cell Reports 5:81-84) . 
The resulting plants can be grown normally and be crossed with 
plants which have the same transformed genetic code or other 
genetic codes. The hybrid individuals resulting therefrom have 
the appropriate phenotypic properties . 
10 Two or more generations should be grown in order to ensure that 
the phenotypic feature is stably retained and inherited. Seeds 
should also be harvested in order to ensure that the 
corresponding phenotype or other characteristics are retained. 

15 In addition to the uses already mentioned, the DNA sequences 
according to the invention can also be introduced into plasmids 
which permit a mutagenesis or a sequence modification through 
insertion, deletion or recombination of DNA sequences in 
prokaryotic or eukaryotic systems . The sequences can also be 

2 0 provided with control elements for expression in pro- and 

eukaryotic cells and be introduced into the appropriate cells. 

The DNA sequences according to the invention can also be used 
to isolate from the genome of plants of different species 
25 homologous sequences which also code for a citrate synthase. In 
this context, homology means a sequence identity of at least 
60 %, preferably above 80 % and in particular above 95 %. The 
identification and isolation of such sequences is carried out 
according to standard processes (see e.g. Sambrook et al . , 

3 0 1989, Molecular Cloning, A Laboratory Manual, 2nd. ed. Cold 

Spring Harbor Laboratory Press, Cold Spring Harbour, NY) . With 
these sequences, constructions for the transformation of plants 
or microorganisms can in turn be produced. 



35 
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Deposit 



The plasmids produced and used within the scope of the present 
invention were deposited at the Deutsche Sammlung von 
5 Mikroorganismen (German Collection of Microorganisms) (DSM) in 
Brunswick, Federal Republic of Germany, which is recognised as 
an international depository, in accordance with the 
requirements of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purposes 
10 of Patent Procedure. On 28.12.1993 the following plasmids were 
deposited at the German Collection of Microorganisms (DSM) 
(Deposit number) : 

Plasmid pPCS (DSM 8879) 

15 

Plasmid pKS-CSa (DSM 8880) 



20 



On 10.08.1994 the following plasmids were deposited at the 
German Collection of Microorganisms (Deposit number) : 

Plasmid pTCS (DSM 9357) 

Plasmid pSBCS (DSM 9358) 

Plasmid TCSAS (DSM 9359) 



25 



Abbreviations used 



BSA 
EDTA 

3 0 50x Denhardt solution 



3 5 FADH 2 
MOPS 



bovine serum albumin 

(ethylene dinitrilo) tetraacetic acid 

5 g Ficoll (type 400, Pharmacia) 

5 g polyvinyl pyrrolidone 

5 g bovine serum albumin (Fraction V, 

Sigma) 

to 500 ml with H 2 0 

f lavin-adenine-dinucleotide , reduced 
3- (N-morpholino) -propanesulphonic acid 



WO 95/24487 



- 26 - 



PCT/EP95/00859 



NADH 

PCR 
PMSF 
5 SCMo -virus 
SDS 

20x SSC 



10 TobR-virus 
Trizin 



b-nicotinamide adenine dinucleotide , 
reduced 

polymerase chain reaction 

phenyl methyl sulphonyl fluoride 

"subterranean clover mottle virus" 

sodium dodecyl sulphate 

175.3 g NaCl, 88.2 g sodium citrate 

to 1000 ml with H 2 0, pH 7 . 0 with 10 N 

NaOH 

"tobacco ringspot virus" 

N-tris (hydroxymethyl ) methyl glycin 



15 



Description of the Figures 

Fig. 1 shows the plasmid pPCS (DSM 8879) 



The feint line corresponds to the sequence of 
pBluescript KS . The bold line represents the cDNA 
2 0 which codes for citrate synthase from Solarium 

tuberosum. Restriction cleavage sites of the 
insertion are shown. 



Fig. 2 shows the plasmid pKS-CSa (DSM 8880) 

25 

Structure of the plasmid: 

A= Fragment A: CaMV 35S promoter, nt 6909-7437 
(Franck et al . (1980) Cell 21:285-294) 

B= Fragment B: cDNA from Solanum tuberosum coding 
3 0 for citrate synthase; 

BamHI/ Sail -fragment from pPCS, approx. 1900 bp 
Orientation to the promoter: anti-sense 

C= Fragment C: nt 11748-11939 of the T-DNA of the 
Ti plasmid pTiACH5 (Gielen et al . (1984) EMBO J. 
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Fig. 3 shows the plasmid pSBCS {DSM 93 58) 

The feint line corresponds to the sequence of 
pBluescript SK . The bold line represents the cDNA 
5 which codes for citrate synthase from Beta vulgaris 

L . Restriction cleavage sites of the insertion are 
shown . 

Fig. 4 shows the plasmid pTCS (DSM 93 57) 

10 

The feint line corresponds to the sequence of 
pBluescript SK. The bold line represents the cDNA 
which codes for citrate synthase from Nicotiana 
tabacum. Restriction cleavage sites of the insertion 
15 are shown. 

Fig. 5 shows the plasmid TCSAS (DSM 93 59) 
Structure of the plasmid: 

A= Fragment A: CaMV 35S promoter, nt 6909-7437 
20 (Franck et al . (1980) Cell 21:285-294) 

B= Fragment B: cDNA from Nicotiana tabacum, coding 
for citrate synthase; 

BamHI/Sall fragment from pTCS, approx. 18 0 0 bp 
Orientation to the promoter: anti-sense 
25 C= Fragment C: nt 11748-11939 of the T-DNA of the 

Ti plasmid pTiACHS (Gielen et al . (1984) EMBO J. 
3 :835-846) 

Fig. 6 shows the result of a Northern Blot experiment. 
30 2 ng poly (A + ) -mRNA from different transgenic potato 

plants (lanes 4-8) and three non- transformed potato 
plants (lanes 1-3) were used in each case for the 
analysis . 

lanes 1, 2, and 3: Wild- type Solanum tuberosum cv. 
35 Desiree 

lane 4: transgenic potato line T6 
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lane 5 
lane 6 
lane 7 
lane 8 



transgenic potato line T21 

transgenic potato line T2 9 

transgenic potato line T50 

transgenic potato line T55 



For the hybridization, the radioactively labelled 
cDNA of the citrate synthase from potatoes was used. 



Fig . 7 shows transgenic potato plants of the line T6 (Nos . 
10 3 and 4) and T29 (Nos. 5 and 6) which were 

transformed with the plasmid pKS-CSa, compared with 
wild-type plants (Nos. 1 and 2) . The plants were kept 
in a greenhouse at 60 % humidity, at 22°C for 16 h in 
the light and at 15°C for 8 h in the dark. 

15 

Fig. 8 shows, as a diagram, the number of flowers produced 
in potato plants which had been transformed with the 
plasmid pKS-CSa, compared with wild-type plants. 
The number of plants with fully-developed open 

2 0 flowers during a flowering period is shown. 5 

transgenic lines (T6, T21, T29, T50 and T55) are 
compared with wild-type plants. The transgenic line 
T21 is a transgenic line which displays no inhibition 
of the citrate synthase (10 0 % citrate synthase 

25 activity) . During the period of investigation, no 

plant of the line T2 9 developed flowers and the 
plants of the lines T6 and T5 0 begin to flower only 
approx. 3 weeks later than wild-type plants. 
Day 1 stands for the first day on which clearly 

30 visible buds were to be seen on the plants, 

wt = wild- type 

t6, t21, t29, t50, t55 = transgenic lines T6 , T21, 
T29, T50 and T55 . 



35 Fig. 9 



shows longitudinal sections through flower buds of 
wild type plants and transgenic plants of the line 
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T2 9 for comparison 

A: flower bud of a wild-type plant 

B: Enlargement of the ovarian structure of the bud 
from A 

5 C: Flower bud of a plant of the transgenic line T29 

D: Enlargement of the ovarian structure of the bud 

from C 
an: anthers 
ov : ovary 
10 pe : petals 

se: sepals 

The tissue damage in the ovaries of transgenic plants 
is clearly visible. 

15 

Fig. 10 shows the germinating behaviour of tubers of potato 
plants, of line T6 (left) which had been transformed 
with the plasmid pKS-CSa, compared with tubers of 
wild-type plants (right) . The tubers had been stored 

2 0 for 9 months in the dark at room temperature . 

Fig . 11 shows a flower of a tobacco plant which had been 
transformed with the plasmid TCSAS (left) , compared 
with a flower of a non- transformed tobacco plant 
25 (right) . The pistil of the flower of the transformed 

plant is much shorter than the pistil of the flower 
of the wild- type plant. 

Fig. 12 shows the plasmid pHS-mCS 

3 0 Structure of the plasmid: 

A = Fragment A: CaMV 35S promoter, nt 6909-7437 

(Franck et al . (1980) Cell 21:285-294) 
B = Fragment B: 99 bp long DNA fragment which codes 
for the mitochondria targeting sequence of the 
35 matrix processing peptidase (MPP) (Braun et al . , 

1992, EMBO J. 11:3219-3227) 



I 
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C = Fragment C : DNA sequence from Saccharomyces 
cerevisiae coding for citrate synthase 
(nucleotides 376-1818; Suissa et al . , 1984, EMBO 
J. 3 : 1773-1781) 
5 orientation to the promoter: sense 

D = Fragment D: nt 11748-11939 of the T-DNA of the 
Ti plasmid pTiACH5 (Gielen et al . (1984) EMBO J. 
3 : 835-846) 



10 Fig. 13 shows two transgenic potato plants of two independent 
lines which had been transformed with the plasmid 
pHS-mCS (middle and right) , compared with a wild- type 
plant (left) . The plants were kept in a greenhouse 
and are approx . 6 weeks old. Whilst the wild type 

15 plant has still formed no inflorescence, the two 

transgenic tobacco plants already have in each case 
a fully developed inflorescence. 



Fig. 14 shows the plasmid pEC-mCS 

20 

Structure of the plasmid: 

A = Fragment A: CaMV 35S promoter, nt 6909-7437 

(Franck et al . (1980) Cell 21:285-294) 
B = Fragment B: 99 bp long DNA fragment which codes 
25 for the mitochondria targeting sequence of the 

matrix processing peptidase (MPP) (Braun et al., 
1992, EMBO J. 11:3219-3227) 
C = Fragment C: DNA sequence from E. coli 

coding for citrate synthase (nucleotides 306- 
3 0 1589; Sarbjit et al . , 1983, Biochemistry 22: 

5244-5249) 

orientation to the promoter: sense 
D = Fragment D: nt 11748-11939 of the T-DNA of the Ti 
plasmid pTiACH5 (Gielen et al . (1984) EMBO J. 
35 3 :835-846) 
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To provide a better understanding of the following examples, 
the most important processes used are explained below. 

5 1 . Cloning procedure 

For the cloning in E. coli the vector pBluescriptKS and the 
vector pBluescriptSK (Stratagene, USA) were used. 

10 For the plant transformation the gene constructions were cloned 
into the binary vector pBinAR . 

2 . Bacterial strains 

15 For the pBluescript vectors and for the pBinAR vectors E. coli 
strain DH5a (Bethesda Research Laboratories, Gai thersburg , USA) 
was used. For the in vivo excision the E. coli strain XLl-Blue 
was used. 

2 0 The transformation of the plasmids into the potato plants and 
tobacco plants was carried out using the Agrobacterium 
tumefaciens strain C58C1 (Rocha-Sosa et al . (1989) EMBO J. 
8 :23-29) . 

25 3 . Transformation of Agrobacterium tumefaciens 

The DNA was transferred by direct transf ormation according to 
the methods of Hofgen & Willmitzer (1988, Nucleic Acids Res. 
16:9877). The plasmid DNA of transformed agrobacteria was 
30 isolated according to the Birnboim & Doly method (1979, Nucleic 
Acid Res. 7:1513-1523) and analyzed by means of gel 
electrophoresis after suitable restriction cleavage. 

4. Transformation of potatoes 

35 

Ten small scalpel-scored leaves of a potato sterile culture 
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(Solanum tuberosum L . cv. Desiree) were placed in 10 ml MS 
medium (Murashige & Skoog (1962) Physiol. Plant. 15: 473) with 
2 % saccharose , which contained 50 |ll of an Agrobacterium 
tumefaciens overnight culture, grown under selection. After 3-5 
5 minutes' gentle shaking, they were further incubated for 2 days 
in the dark. After that, the leaves were placed on MS medium 
with 1.6 % glucose, 5 mg/1 naphthyl acetic acid, 0.2 mg/1 
benzyl aminopurine, 250 mg/1 Claforan, 50 mg/1 kanamycin, and 
0.80 % bactoagar for callus induction . After 1 week ' s 
10 incubation at 25°C and 3 000 Lux the leaves were placed on MS 
medium with 1.6 % glucose, 1.4 mg/1 zeatin ribose, 20 mg/1 
naphthyl acetic acid, 20 mg/1 gibberellic acid, 250 mg/1 
Claforan, 50 mg/1 kanamycin, and 0.80 % bactoagar for shoot 
induction . 

15 

5 . Transformation of tobacco 

An overnight culture of the corresponding Agrobacterium 
tumefaciens clone was centrifuged off (6500 rpm; 3 min) and the 

2 0 bacteria were resuspended in YEB medium . Tobacco leaves of a 

tobacco sterile culture (Nicotiana tabacum cv. Samsun NN) were 
cut into small approx. 1 cm 2 -sized pieces and bathed in the 
bacterial suspension. The leaf pieces were then placed on MS 
medium (0.7 % agar) and incubated for 2 days in the dark. The 
25 leaf pieces were then placed on MS medium (0.7 % agar) with 1.6 
% glucose, 1 mg/1 benzylaminopurine , 0.2 mg/1 naphthyl acetic 
acid, 500 mg/1 Claforan and 50 mg/1 kanamycin for shoot 
induction. The medium was changed every 7 to 10 days. If shoots 
developed, the leaf pieces were transferred to glass vessels 

3 0 which contained the same medium. Forming shoots were cut off 

and placed on MS medium + 2 % saccharose + 250 mg/1 Claforan 
and whole plants regenerated from them. 
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6. Determination of the citrate synthase activity in tissues of 
transgenic potato and tobacco plants and non- transformed potato 
and tobacco plants . 

5 To determine the citrate synthase activity, raw extracts from 
•tubers, leaves and flowers were produced and mitochondria 
isolated from potato tubers. To produce raw extracts, the 
material in question was frozen in liquid nitrogen, homogenized 
in extraction buffer (Neuhaus and Stitt (1990) Planta 182:445- 

10 454) , centrifuged, and the supernatant liquid was then used for 
the activity test. To isolate mitochondria from potato tubers, 
100-200 g of freshly harvested tubers were peeled and 
homogenized in 100 ml "grinding buffer" (0.4 M mannitol, 1 mM 
EDTA, 25 mM MOPS, 0.1 % BSA, 10 mM b-mercaptoethanol , 0.05 mM 

15 PMSF, pH 7.8) . The homogenate was filtered through 4 layers of 
cotton gauze and centrifuged for 4 min at 3 500 g. The 
supernatant was filtered through 2 layers of "Miracloth" 
(Calbiochem) and centrifuged again for 30 min at 18000 g. The 
pellet was resuspended using a soft brush in 2 ml resuspension 

2 0 buffer (0.4 M mannitol, 2 0 mM Trizin, 2 mM EDTA, pH 7.2) . After 
homogenizing twice in a "potter" homogenizer, the extract was 
coated onto a discontinuous Percoll gradient and centrifuged 
for 1 h at 72000 g. Mitochondria were removed from the 28%/45% 
interphase, washed and centrifuged twice for 15 min at 14500 g 

25 in "washing buffer" (0.4 M mannitol, 5 mM MOPS, 0.1 % BSA, 0.2 
mM PMSF, pH 7.5) . The mitochondria were then resuspended in 100 
|ll resuspension buffer. To determine the citrate synthase 
activity 5 |ll of the mitochondria suspension were taken up in 
100 |il extraction buffer (Neuhaus and Stitt (1990) Planta 

30 182 : 445-454) . 

The citrate synthase activity was determined by means of 
spectrophotometry at 412 nm and 3 0°C according to the Srere 
method (1967, Methods in Enzymology 13:3-22). 

35 
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7 . RNA extraction and Northern Blot experiments 

RNA was isolated from frozen plant material as described in 
Logemann et al . (1987, Anal. Biochem. 163:21-26). The RNA was 
5 denatured in 40 % f ormamide . The RNA was then separated by gel 
electrophoresis on f ormaldehyde/agarose gels, and after the gel 
run, blotted on nylon membrane (Hybond N; Amersham, UK) . 
Hybridization with a radioactively-labelled DNA sample was 
carried out according to standard methods. 

10 

8 . Plant maintenance 

Potato plants (Solanum tuberosum) were kept in a green house at 
60 % humidity and 22 °C for 16 h in the light and at 15°C for 8 
15 h in the dark. Tobacco plants {Nicotiana tabacum) were kept in 
the green house at 60 % humidity and 2 5°C for 14 h in the light 
and for 10 h at 2 0°C in the dark. 

20 



25 



30 



35 
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Examples 
Example 1 

5 Cloning of a cDNA of the citrate synthase from potato 

To identify a cDNA from potato which codes for citrate 
synthase , a DNA fragment of the already-known cDNA of citrate 
synthase from Arabidopsis thaliana (Unger et al . (1989) Plant 
10 Mol. Biol. 13:411-418) was firstly amplified. For this, whole 
DNA was extracted from green plant tissue of Arabidopsis 
thaliana plants and poly (A + ) -mRNA was prepared from this. This 
was then used for the preparation of cDNA . Using the 
oligodesoxynucleo tides 

15 

5 ' -AAGTGGATCCATGGTGTTTTTCCGCAGCGTAT-3 ' ( SeqID No . 4 ) 

and 

2 0 5 ' -CATAGGATCCTTAAGCAGATGAAGCTTTCTTA-3 ' ( SeqID No . 5 ) , 

which are complementary to the 5'- or 3 ' -end of the coding 
region of the cDNA of the citrate synthase from Arabidopsis 
thaliana (Unger et al . (1989) Plant Mol. Biol. 13: 411-418), a 
25 1438 bp-long DNA fragment which codes for the citrate synthase 
from Arabidopsis thaliana was isolated from this cDNA 
preparation by a "polymerase chain reaction" ( PCR) . The 
oligonucleotides used additionally introduce BamHI cleavage 
sites at both ends of the amplified DNA fragment . The DNA 

3 0 fragment resulting from the PCR reaction was digested with 

BamHI and ligated into the plasmid PUC9 . 2 cleaved with BamHI. 
The cDNA insertion of this plasmid was later used as a 
heterologous sample for identifying a cDNA coding for citrate 
synthase from potato. 

35 

To produce a cDNA library, poly ( A + ) -mRNA was isolated from 
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leaves of potato plants. Starting from the poly ( A* ) -mRNA, cDNA 
was produced which was provided with EcoRI /Notl-linkers and 
with which a cDNA library was placed in the vector Lambda ZAP 
II (Stratagene, USA) (KoSmann et al . (1992) Planta 188:7-12). 
5 250000 plaques of this cDNA library were investigated using the 
heterologous sample from Arabidopsis thaliana for DNA sequences 
which are homologous to this. For this, the plaques were 
transferred onto nitrocellulose filters and denatured by NaOH 
treatment. The filters were then neutralized and the DNA fixed 

10 on the filters using heat treatment. The filters were pre- 
hybridized in 25 % formamide, 0.5 % BSA, 1% SDS , 5xSSC, 5x 
Denhardt solution, 40 mM sodium phosphate buffer pH 7.2 and 100 
mg/ml salmon sperm DNA for 2 hours at 42 °C. The filters were 
then hybridized overnight at 42°C in 25 % formamide, 0.5 % BSA, 

15 1 % SDS, 5xSSC, 5x Denhardt solution, 40 mM sodium phosphate 
buffer pH 7.2 and 100 |lg/ml salmon sperm DNA after adding the 
P 32 -labelled cDNA coding for citrate synthase from Arabidopsis 
thaliana. The filters were washed for 3 0 min in 5xSSC, 0.5 % 
SDS at 42°C and for 20 min in 3xSSC, 0.5 % SDS at 42°C. 

2 0 Phage clones of the cDNA library which hybridized with the cDNA 

used from Arabidopsis thaliana were further purified using 
standard processes. Using the in vivo excision method, E. coli 
clones which contain a double-stranded pBluescript plasmid with 
the corresponding cDNA insertion in the EcoRI cleavage site of 
25 the polylinker were obtained from positive phage clones. After 
checking the size and the restriction pattern of the 
insertions, a suitable clone was subjected to a sequence 
analysis . 

3 0 Example 2 

Sequence analysis of the cDNA insertion of the plasmid pPCS 
(DSM 8879) 

35 The plasmid pPCS (Fig. 1) was isolated from an E. coli clone 
obtained according to Example 1 and its cDNA insertion was 
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determined by standard procedures using the didesoxy method 
(Sanger et al . (1977) Proc . Natl. Acad. Sci. USA 74:5463-5467) . 
The insertion is 1891 bp long. The nucleotide sequence (SeqID 
No. 1) is given below. 

5 

Example 3 

Construction of the plasmid pKS-CSa (DSM 8880) and transfer of 
the plasmid into potato plants . 

10 

An approx. 1.9 kb long DNA fragment which has the sequence (Seq 
ID No. 1) given below and which contains the cloning region for 
citrate synthase from potatoes was isolated from the plasmid 
pPCS through BamHI/Sall digest. This DNA fragment was cloned 
15 into the vector pBinAR (Hofgen and Willmitzer (1990) Plant Sci. 
66:221-23 0) cleaved using BamHI/Sall. The vector pBinAR is a 
derivative of the binary vector Binl9 (Bevan (1984) Nucleic 
Acids Res. 12:8711-8721). 

The resulting plasmid was called pKS-CSa and is shown in Fig. 
20 2 . 

By inserting the cDNA fragment an expression cassette results 
which is constructed as follows from fragments A, B and C (Fig. 
2) : 

25 

Fragment A (529 bp) contains the 35S promoter of the 
cauliflower mosaic virus (CaMV) . The fragment comprises the 
nucleotides 6909 to 7437 of the CaMV (Franck et al . (1980) Cell 
21:285-294) . 

30 

Fragment B comprises the protein-coding region of the citrate 
synthase from potatoes. This was isolated as described above as 
BamHI/Sall fragment from pPCS and fused to the promoter in 
pBinAR in anti-sense orientation. 

35 

Fragment C (192 bp) contains the polyadenylat ion signal of gene 
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3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen et al . (1984) 
EMBO J. 3 : 835-846) . 



The size of plasmid pKS-CSa is approx . 12.9 kb . 

5 

The vector pKS-CSa was transferred into potato plants using 
Agrobacterium tumefaci ens -conveyed transformation . Intact 
plants were regenerated from the transformed cells. The result 
of the transformation was that transgenic potato plants showed 

10 to varying degree a reduction in the mRNA coding for the 
citrate synthase (see Fig. 6). 2 |Xg poly (A* ) -mRNA were 
hybridized in a Northern Blot experiment with the probe for 
citrate synthase from potatoes. The transcript coding for 
citrate synthase which occurs in wild-type plants (lanes 1 to 

15 3) is shorter than the transcript of the an ti -sense expression 
cassette (see for example lane 6), from which it can be seen 
that the degree to which a reduction in the endogenous 
transcripts has occurred in the different transgenic plant 
varies . 

20 

Transgenic potato plants which show a reduction in the mRNA 
coding for the citrate synthase were investigated in different 
tissues for citrate synthase activity. The results of these 
investigations of leaves, tubers and mitochondria isolated from 
2 5 tubers are shown in the following table. 



Table 1 



Citrate synthase activity (in nmol/min/mg protein) in different 
3 0 organs of the plants and in mitochondria 



Wild type T55 T50 T6 T29 

Leaves 55.6±25.0 32.7±25.0 15.1±8.7 15.0±7.7 3.2±1.2 

100 % 58.8 % 27.1% 27.0% 5.8% 

35 Tubers 8.5±3.4 4.9±0.8 1.1±0.3 1.6 ±0.5 2.0+0.8 
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Mitochon 



1788±492 



450±120 



265±45 



260±50 



193+118 



dria 



100% 



25.2% 



14 . 8% 



14.5% 



9.3% 



Wild type - Solanum tuberosum cv. Desiree, 
5 T55, T50, T6, T29 = independent, transgenic potato lines 

Reducing the citrate synthase activity has a considerable 
effect on flower formation in the transgenic plants, the 
markedness of which depends on the extent of inhibition of the 
10 citrate synthase activity. 

Transformed potato plants in which the citrate synthase 
activity is greatly reduced (see Table 1) are inhibited in 
their flower formation to a great extent or completely (see 
Fig. 7) . 

15 Plants in which the citrate synthase activity is only 
moderately reduced show delayed flower formation and produce 
fewer flowers or develop only flower buds which do not further 
develop to functional flowers, but die. This is shown in Fig. 
8. Shown here are the number of plants with fully developed 

2 0 open flowers during one flowering period. 5 transgenic lines 
(T6, T21, T29, T50 and T55) are compared with wild-type plants. 
The transgenic line T21 is a transgenic line which displays no 
inhibition of the citrate synthase (100 % citrate synthase 
activity) . During the term of the investigation, no plant of 

2 5 the line T29 developed flowers and the plants of the lines T6 

and T5 0 begin to flower only approx. 3 weeks later than wild- 
type plants . 

Other plants do develop flowers but these are not functional 

3 0 since the female reproductive organs (ovaries) are severely 

damaged. In these plants the ovaries disintegrate in the course 
of development. This is shown in Fig. 9. This figure shows 
longitudinal sections through flower buds of wild-type plants 
and transgenic plants of the line T2 9 in comparison. The 
3 5 tissues of the ovaries of transgenic plants are severely 
damaged compared with wild-type plants. 
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Using the present invention it is therefore also possible to 
produce plants according to the process according to the 
invention in which the citrate synthase activity is inhibited 
to varying degrees, so that from the transgenic plants can be 
5 chosen those which have the desired phenotype, for example a 
complete inhibition of flower formation, or flower formation 
whose onset, compared with non- transformed plants, is delayed, 
or which do develop buds from which, however, no functional 
flowers develop. 



Reducing the citrate synthase activity also has a drastic 
effect on various properties of the tubers of the transformed 
potato plants. For example, tubers of transformed potato plants 
show lower storage losses after relatively long storage periods 

15 than tubers from non- transformed plants. This is expressed in 
a smaller loss of fresh or dry weight during the course of 
storage. The following table shows values for fresh and dry 
weights of tubers of transformed potato plants (line T6) and 
wild- type plants of the Desiree variety. The tubers were stored 

2 0 for 9 months at room temperature. The tuber weights are given 
in percentages, relative to the tuber fresh weights at the 
start of storage. The values are average values from 3 to 12 
measurements with the standard deviation given. The values of 
the dry or fresh weights of the tubers of wild-type plants 

25 after 9 months' storage were taken as 100 %. 



10 



Table 2 



3 0 Tuber fresh weight 



Wild type 
68 .7 ± 2.6 



77.2 ± 1.3 



T6 



[ % ] 

Tuber dry weight 
[ % 1 



18.7 ± 2.6 



100 % 



100 % 



21.7 ± 0.5 



116 % 



112.4 % 



3 5 Wild type = Solarium tuberosum cv. Desiree, 
T6 = transgenic potato lines 
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The tubers of transformed potato plants also show a changed 
sprouting behaviour. The sprouts of these tubers, compared with 
tubers of wild-type plants, are substantially smaller and have 
a substantially lower fresh and dry weight. The following table 
5 shows values for fresh and dry weights of sprouts of tubers of 
transformed potato plants (line T6 ) and wild- type plants of the 
Desiree variety. The sprouts originate from tubers which were 
stored in the dark for 9 months at room temperature. The sprout 
weights are given in each case in grams. The values are average 
10 values from 3 to 12 measurements with the standard deviation 
given . 



15 

Table 3 

Wild type T6 
Sprouts 2 . 1 ± 0 . 6 1 . 3 ± 0 . 4 

2 0 Fresh weight [ g ] 

Sprouts 0.31 ± 0.12 0.23 ± 0.06 

Dry weight [ g ] 

2 5 Wild type = Solanum tuberosum cv. Desiree, 

T6 = transgenic potato line 

The modified sprouting behaviour is also illustrated by Fig. 
10. Shown in each case are 3 tubers of the transformed potato 

3 0 line T6 and three tubers of a wild- type plant of the Desiree 

variety. The tubers were stored in the dark for 9 months at 
room temperature. The tubers of the transformed plants (left) 
form substantially smaller and shorter sprouts compared with 
the wild- type tubers (right) . 



35 
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Example 4 

Cloning of a cDNA coding for citrate synthase from tobacco 
(Nicotiana tabacum) 

5 

For the identification of a cDNA from Nlcotiana tabacum which 
codes for citrate synthase, a cDNA bank of leaf tissue from 
tobacco was prepared as described in example 1 for potato . 
250 00 0 plaques of this cDNA bank "were screened using a 

10 radioactive DNA probe for sequences which code for citrate 
synthase . The cDNA from Solanum tuberosum which codes for 
citrate synthase (1.4 kb Nrul/Hindll fragment from pPCS; see 
examples 1 and 2, and SeqID No. 1) was used as a probe. The 
identification and isolation of phage clones which hybridized 

15 with the radioactive DNA probe used took place as described in 
Example 1 with the difference that the plaques were transferred 
onto nylon membranes and the following buffer was used for the 
pre-hybridization and the hybridization: 0.2 5 M sodium 
phosphate buffer pH 7.2, 10 mM EDTA, 7 % SDS, 10 mg BSA. 

2 0 Using the in vivo excision method, E. coli clones were obtained 
from positive phage clones which contain a double-stranded 
pBluescript plasmid with the cDNA insertion in question. After 
checking the size and the restriction pattern of the 
insertions , a suitable clone was subj ected to a sequence 

25 analysis . 

Example 5 

Sequence analysis of the cDNA insertion of the plasmid pTCS 
30 (DSM 9357) 

The plasmid pTCS (Fig. 4) was isolated from an E. coli clone 
obtained according to Example 4 and its cDNA insertion was 
determined by standard procedures using the didesoxy method 
35 (Sanger et al . (1977) Proc . Natl. Acad. Sci . USA 74: 5463- 
5467). The insertion is 1747 bp long. The nucleotide sequence 
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is given below as SeqID No. 3. 
Example 6 

5 Cloning of a cDNA coding for citrate synthase from sugar beet 
(Beta vulgaris L.) 

To identify a cDNA from sugar beet which codes for citrate 
synthase, a cDNA bank of leaf tissue from sugar beet (Beta 

10 vulgaris L. cultivated line 5S 0026) was prepared, isolating 
poly(A + )-RNA from leaf tissue and using this for the cDNA 
synthesis with the help of commercial kits (Pharmacia LKB , 
Stratagene , USA) according to the Gubler and Hoffmann method 
(1983, Gene 25:263-269). 250000 plaques of such a cDNA bank 

15 were screened as described in Example 4 using radioactive DNA 
probes for sequences which code for citrate synthase. Used as 
the probe was a mixture consisting of the radioactively 
labelled cDNA from Solanum tuberosum which codes for citrate 
synthase (see Examples 1, 2, and 4, and SeqID No. 1), and the 

20 radioactively-labelled cDNA from Nicotiana ta.ba.cum which codes 
for citrate synthase (see Examples 4 and 5, and SeqID No. 3). 
Phage clones which hybridized with the radioactive DNA sample 
used were identified and -isolated as described in Example 1. 
Using the in vivo excision method, E . coli clones were obtained 

25 from positive phage clones which contain a double -stranded 
pBluescript plasmid with the cDNA insertion in question. After 
checking the size and the restriction pattern of the 
insertions, a suitable clone was subjected to a sequence 
analysis . 

30 

Example 7 

Sequence analysis of the cDNA insertion of the plasmid pSBCS 
(DSM 9358) 

35 

The plasmid pSBCS (Fig. 3) was isolated from an E. coli clone 
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obtained according to Example 6 and its cDNA insertion was 
determined by standard procedures using the didesoxy method 
(Sanger et al . (1977) Proc . Natl. Acad. Sci . USA 74: 5463- 
5467). The insertion is 1551 bp long. The nucleotide sequence 
5 is given as SeqID NO. 2 below. 

Example 8 

Construction of the plasmid TCSAS (DSM 9359) and transfer of 
10 the plasmid into tobacco plants. 

An approx. 1,800 kb-long DNA fragment, which has the sequence 
given below (SeqID No. 3) and which contains the coding region 
for citrate synthase from Nicotiana tabacum, was isolated from 
15 the plasmid pTCS by BamHI/Sall digest. This DNA fragment was 
cloned into the vector pBinAR cleaved with BamHI/Sall (Hofgen 
and Willmitzer (1990) Plant Sci. 66:221-230) . The vector pBinAR 
is a derivative of the binary vector Binl9 (Bevan (1984) 
Nucleic Acids Res. 12:8711-8721). The resulting plasmid was 

2 0 called TCSAS and is shown in Fig. 5. 

By inserting the cDNA fragment an expression cassette results 
which is constructed of the fragments A, B and C in the 
following way (Fig. 5) : 

25 

Fragment A (52 9 bp) contains the 3 5S promoter of the 
cauliflower mosaic virus (CaMV) . The fragment comprises the 
nucleotides 6909 to 7437 of the CaMV (Franck et al . (1980) Cell 
21:285-294) . 

30 

Fragment B contains, in addition to flanking regions, the 
protein-coding region of the citrate synthase from Nicotiana 
tabacum. This was isolated as described above as BamHI/Sall 
fragment from pTCS and fused in anti-sense orientation to the 

3 5 promoter in pBinAR. 
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Fragment C (192 bp) contains the polyadenylation signal of gene 
3 of the T-DNA of the Ti-plasmid pTiACHS (Gielen et al . (1984) 
EMBO J. 3 : 835-846) . 

5 The size of plasmid TCSAS is approx. 12.75 kb. 

The plasmid was transferred into tobacco plants using 
agrobacteria-conveyed transformation as described above. Whole 
plants were regenerated from the transformed cells. 

10 The success of the genetic modification of the plants is tested 
by analyzing the whole RNA for the disappearance of the 
endogenous mRNA which codes for citrate synthase. Transgenic 
tobacco plants were investigated for citrate synthase activity 
in different tissues . The results of these investigations 

15 showed that, with the help of the process, tobacco plants can 
be produced in which the citrate synthase activity is reduced 
to varying degrees . 

As in the case of potato plants, different lines can therefore 
also be obtained with tobacco which differ as regards the 
2 0 extent of reduction in the citrate synthase activity. 

Also, in the case of tobacco plants, transformed plants showed 
a modified flowering behaviour. It is of particular interest 
that lines can be produced which produce flowers in which the 

25 pistil is severely shortened, compared with flowers of non- 
transformed plants. This is illustrated by Fig. 11 in which 
flowers of transformed and non-transformed tobacco plants are 
shown . This means that the inhibition of flower formation by 
reducing the citrate synthase activity both in tobacco and in 

30 the potato primarily affects the female flowering organs. These 
lines also display the phenotype, that they form substantially 
fewer seeds compared with wild- type plants, the quantity of 
seeds being determined with reference to the total weight of 
seeds formed . 



35 
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Example 9 

Construction of the plasmid pHS-mCS and transfer of the plasmid 
into potato plants . 

5 

To construct the plasmid pHS-mCS, a DNA sequence which codes 
for the mitochondrial targeting sequence of the matrix 
processing peptidase (MPP) was firstly integrated into a pUC18 
vector. This sequence was isolated by means of the polymerase 
10 chain reaction (PCR) from a pBluescript plasmid which contained 
the cDNA sequence of the MPP (Braun et al . , 1992, EMBO J. 
11:3219-3227) using the following oligonucleotides: 

Oligo a: 5 ' -GATC GGT ACC ATG TAC AGA TGC GCA TCG TCT-3 ' 
15 (SeqID No. 6) 
and 

Oligo a: 5 ' -GTAC GGA TCC CTT GGT TGC AAC AGC AGC TGA-3 ' 
(SeqID No. 7) 

20 The resulting DNA fragment comprised the nucleotides 299 to 397 
of the sequence shown in Braun et al (1992, EMBO J. 11:3219- 
3227) , which codes for the matrix processing peptidase. An Asp 
718 cleavage site was inserted at the 5 ' -end of the sequence by 
oligonucleotide a. Oligonucleotide b inserted a BamHI cleavage 

25 site at the 3 ' -end of the sequence. 

The DNA fragment obtained from the PCR was cleaved with Asp718 
and BamHI and cloned into the vector pUC18 cleaved with Asp718 
and BamHI. The resulting vector was called pMTP . 

3 0 A DNA sequence from Saccharmoyces cerevisiae which codes for a 
citrate synthase was cloned into the plasmid pMTP behind the 
mitochondrial targeting sequence in the same reading frame, . 
For this, genomic DNA was prepared from yeast by current 
methods and a 1443 bp-long fragment which comprises the coding 

35 region for citrate synthase from yeast was isolated by means of 
PCR using the oligonucleotides 
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Oligo c: 5'- CTAG GGA TCC ATG TCA GCG ATA TTA TCA ACA ACT AGC 

AAA AGT-3 ' ( SeqID No. 8) 

and 

Oligo d: 5'- GATT GGA TCC TTA GTT CTT ACT TTC GAT TTT CTT TAC 
5 CAA CTC-3' (SeqID No. 9) 

In particular, the sequence comprises the nucleotides 376-1818 
of the sequence illustrated in Suissa et al . (1984, EMBO J. 
3:1773-1781). The oligonucleotides used introduce a BamHI 

10 cleavage site on both sides of the amplified DNA sequence. The 
resulting DNA fragment was cleaved with the restriction 
endonuclease BamHI, then ligated into the vector pMTP cleaved 
with BamHI and transformed in E. coli cells. By determining the 
restriction pattern a clone was selected in which the insertion 

15 of the PCR fragment took place in such a way that the coding 
region was joined to the mitochondrial targeting sequence in 
sense orientation, i.e. such that the 5 ' -end of the coding 
region was joined to the 3 ' -end of the targeting sequence. The 
resulting plasmid was called pMTP-YCS. 

20 

Using the restriction endonucleases Asp718 and Xba I, an 
approx. 1550 bp-long fragment which comprises the mitochondrial 
targeting sequence and the coding region for citrate synthase 
from yeast was isolated from the vector pMTP-YCS. This fragment 

25 was ligated into the binary vector pBinAR (Hofgen and 
Willmitzer, 1990, Plant Sci . 66: 221-230) cleaved with Asp718 
and Xba I . The resulting plasmid pHS-mCS is shown in Fig. 12. 
The binary vector pBinAR is a derivative of the binary vector 
Binl9 . The vector contains a 35S promoter and a termination 

3 0 signal for the transcription, between which is located a 
polylinker which can be used for inserting various DNA 
sequences . 

By inserting the DNA fragment which codes for citrate synthase 
35 from yeast with a mitochondrial target sequence at the N- 
terminus , an expression cassette results which is constructed 
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of fragments A, B and C in the following manner (Fig. 12): 

Fragment A (52 9 bp) contains the 3 5 S promoter of the 
cauliflower mosaic virus (CaMV) . The fragment comprises the 
5 nucleotides 6909 to 7437 of the CaMV (Franck et al . (1980) Cell 
21:285-294) . 

Fragment B contains a 99 bp-long DNA fragment which codes for 
the mitochondrial target sequence of the matrix processing 
10 peptidase (nucleotides 299-397 of the sequence shown in Braun 
et al., 1992, EMBO J. 11:3219-3227). 

Fragment C contains the coding region for citrate synthase from 
Saccharomyces cerevisiae (nucleotides 376-1818 of the sequence 
15 shown in Suissa et al . , 1984 EMBO J. 3:1773-1781) fused in 
sense orientation and in the same reading frame as the target 
sequence to the 3 ' -end of the target sequence. 

Fragment D (192 bp) contains the polyadenylation signal of gene 
20 3 of the T-DNA of the Ti plasmid pTiACH5 (Gielen et al . (1984) 
EMBO J. 3 : 835-846) . 

The size of the plasmid pHS-mCS is approx. 12.5 kb. 

2 5 From this expression cassette , a transcript is transcribed by 

the 3 5S promoter which codes for a citrate synthase from yeast 
and comprises at its N- terminus an amino acid sequence which 
ensures transportation of the protein into the mitochondria. 

3 0 The plasmid was transferred into potato plants using 

agrobacteria-conveyed trans formation as described above. Whole 
plants were regenerated from the transformed cells. 
The result of the transformation was that transgenic potato 
plants showed an expression of the yeast citrate synthase in 
3 5 the cells. This was demonstrated with the help of Western Blot 
analyses using polyclonal antibodies which specifically 
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recognise the citrate synthase from yeast . 

The transformed potato plants which showed a high expression of 
the citrate synthase from yeast display a modified flowering 
behaviour compared with non-transformed potato plants. On the 
5 one hand it was to be observed that transformed plants start to 
produce flowers substantially earlier (under green house 
conditions, on average 2-4 weeks) and produced more flowers 
compared with non- transformed plants. 

The premature flower formation of the transgenic potato plants 
10 is illustrated in Fig. 13. This shows two transgenic potato 

plants which had been transformed with plasmid pHS-mCS, 

compared with a wild type plant of the Desiree variety. 

The transgenic plants also produced substantially more flowers. 

In particular, after the first inflorescence had faded, the 
15 transgenic plants as a rule developed a second inflorescence 

and in some cases even a third inflorescence. In contrast, 

wild-type plants have only one florescence and die when this 

inflorescence has faded . 

2 0 Example 10 

Construction of the plasmid pEC-mCS and transfer of the plasmid 
into potato plants . 

25 To produce the plasmid pEC-mCS, a DNA sequence from E. coli 
which codes for a citrate synthase was cloned into the plasmid 
pMTP described in Example 9 behind the mitochondrial targeting 
sequence in the same reading frame . For this , genomic DNA was 
prepared from E. coli DH5ot by current methods and an approx. 

3 0 1280 bp-long fragment which comprises the coding region for 

citrate synthase from E. coli was isolated by means of PGR 
using the oligonucleotides 



35 



Oligo e: 5'- GTAGGGATCC ATGGCTGATA CAAAAGCAA - 3' 
(SeqID No. 10) 
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and 

Oligo f: 5'- GATTGGATCCTTAACGCTTGATATCGCTT - 3' 
(SeqID No. 11) 

5 The sequence comprises in particular the nucleotides 3 06-1589 
of the sequence illustrated in Sarbjit et al . (1983, 
Biochemistry. 22:5243-5249). The oligonucleotides used 
introduce a BamHI cleavage site at both sides of the amplified 
DNA sequence. The resulting DNA fragment was cleaved with the 

10 restriction endonuclease BamHI, then ligated into the vector 
pMTP cleaved with BamHI and introduced into E . coli cells by 
transformation. By determining the restriction pattern, a clone 
was selected in which the insertion of the PCR fragment took 
place in such a way that the coding region was joined to the 

15 mitochondrial targeting sequence in sense orientation, i.e. 
that the 5 ' -end of the coding region was joined to the 3 ' -end 
of the targeting sequence. The resulting plasmid was called 
pMTP-ECCS. Using restriction endonucleases Asp718 and Xba I a 
fragment was isolated from this vector which comprises the 

2 0 mitochondrial targeting sequence and the coding region for 
citrate synthase from E. coli. This fragment was ligated into 
the binary vector pBinAR cleaved with Asp718 and Xba I (Hofgen 
and Willmitzer, 1990, Plant Sci . 66:221-230). The resulting 
plasmid pEC-mCS is illustrated in Fig. 14. 

25 

By inserting the DNA fragment which codes for citrate synthase 
from E. coli with a mitochondrial targeting sequence at the N- 
terminus, an expression cassette results which is constructed 
from the fragments A, B, C and D in the following manner (Fig. 
30 14) : 

Fragment A (529 bp) contains the 3 5 S promoter of the 
cauliflower mosaic virus (CaMV) . The fragment comprises the 
nucleotides 6909 to 7437 of the CaMV (Franck et al . (1980) Cell 
35 21:285-294) . 
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Fragment B contains a 9 9 bp- long DNA fragment which codes for 
the mitochondrial targeting sequence of the matrix processing 
peptidase (nucleotides 299-397 of the sequence shown in Braun 
et al., 1992, EMBO J. 11:3219-3227). 

5 

Fragment C contains the coding region for citrate synthase from 
E. coli (nucleotides 306-1589 of the sequence shown in Sarbjit 
et al . , 1983, Biochemistry. 22:5243-5249) fused in sense 
orientation and in the same reading frame as the targeting 
10 sequence to the 3 ' -end of the targeting sequence. 

Fragment D (192 bp) contains the polyadenylation signal of gene 
3 of the T-DNA of the Ti plasmid pTiACH5 (Gielen et al . (1984) 
EMBO J. 3 : 835-846) . 

15 

The size of the plasmid pEC-mCS is approx. 12.4 kb. 

From this expression cassette, a transcript is transcribed by 
the 3 5S promoter which codes for a citrate synthase from E. 
20 coli and comprises at its N-terminus an amino acid sequence 
which ensures transportation of the protein into the 
mitochondria . 

The plasmid was transferred into potato plants using 
25 agrobacteria-conveyed transf ormation as described above. Whole 
plants were regenerated from the transformed cells and analyzed 
for citrate synthase activity. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: Hoechst Schering AgrEvo GmbH 

(B) STREET: Miraustr. 54 

(C) CITY: Berlin 

10 { E ) COUNTRY: Germany 

(F) POSTAL CODE (ZIP) : 13476 

(G) TELEPHONE: +49 30 439080 

(H) TELEFAX: +49 30 43908222 

15 (ii) TITLE OF INVENTION: Processes for inhibiting and inducing flower 

fromation in plants 

(iii) NUMBER OF SEQUENCES: 11 

2 0 (iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

25 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: DE P4408629.6 

(B) FILING DATE: 09-MAR-1994 

3 0 (vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: DE P4435366.9 

(B) FILING DATE: 22-SEP-1994 

(vi) PRIOR APPLICATION DATA: 
3 5 (A) APPLICATION NUMBER: DE P4438821.7 

(B) FILING DATE: 19-OCT-1994 



(2) INFORMATION FOR SEQ ID NO : 1: 

40 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1891 base pairs 

(B) TYPE: nucleic acid 
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( C ) STRANDEDNES S : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

5 

{ i i i ) HYPOTHETICAL : NO 

(iv) ANT I- SENSE: NO 

10 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Solanum tuberosum 

( B ) STRAIN : c . v . Des iree 
(F) TISSUE TYPE: leaf 

15 (vii) IMMEDIATE SOURCE: 

(A) LIBRARY: cDNA library in pBluescriptKS 

(B) CLONE: pCBS 

(ix) FEATURE: 

2 0 (A) NAME/KEY: CDS 

(B) LOCATION: 73 . . 1485 

(D) OTHER INFORMATION: /EC_number= 4.1.3-7. 
/product= "Citrate synthase" 

25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
TTTTTCGTTC CATCAGCCTA CTTGAGATGT ATTCCCACTG GTAAAAGTTA ATTTTTTTGA 6 0 

3 0 TTTTCGCGAG CA ATG GTG TTC TAC CGT AGC GTT TCG TTG CTG TCA AAG 10 8 

Met Val Phe Tyr Arg Ser Val Ser Leu Leu Ser Lys 
15 10 

CTC CGC TCT CGA GCG GTC CAA CAG TCA AAT GTT AGC AAT TCT GTG CGC 15 6 

3 5 Leu Arg Ser Arg Ala Val Gin Gin Ser Asn Val Ser Asn Ser Val Arg 
15 20 25 

TGG CTT CAA GTC CAA ACC TCT TCC GGT CTT GAT CTG CGT TCT GAG CTG 2 04 

Trp Leu Gin Val Gin Thr Ser Ser Gly Leu Asp Leu Arg Ser Glu Leu 
40 30 35 40 



GTA CAA GAA TTG ATT CCT GAA CAA CAG GAT CGC CTG AAA AAG ATC AAG 
Val Gin Glu Leu lie Pro Glu Gin Gin Asp Arg Leu Lys Lys lie Lys 



252 
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45 50 55 60 

TCA GAT ATG AAA GGT TCA ATT GGG AAC ATC ACA GTT GAT ATG GTT CTT 3 00 

Ser Asp Met Lys Gly Ser He Gly Asn He Thr Val Asp Met Val Leu 
5 65 70 75 

GGT GGA ATG AGA GGA ATG ACA GGA TTA CTG TGG AAA CCT CAT TAC CTT 3 48 

Gly Gly Met Arg Gly Met Thr Gly Leu Leu Trp Lys Pro His Tyr Leu 
80 85 90 



10 

GAC CCT GAT GAG GGA ATT CGC TTC CGG GGG TTG TCT ATA CCT GAA TGC 3 96 

Asp Pro Asp Glu Gly He Arg Phe Arg Gly Leu Ser lie Pro Glu Cys 
95 100 105 

15 CAA AAG GTA TTA CCT GCA GCA AAG CCT GGG GGT GAG CCC TTG CCT GAA 44 4 

Gin Lys Val Leu Pro Ala Ala Lys Pro Gly Gly Glu Pro Leu Pro Glu 
110 115 120 

GGT CTT CTC TGG CTT CTT TTA ACA GGA AAG GTG CCA TCA AAA GAG CAA 492 

2 0 Gly Leu Leu Trp Leu Leu Leu Thr Gly Lys Val Pro Ser Lys Glu Gin 

125 130 135 140 

GTG AAT TCA ATT GTC TCA GGA ATT GCA GAG TCG GGC ATC ATA TCC CTG 54 0 

Val Asn Ser lie Val Ser Gly He Ala Glu Ser Gly He He Ser Leu 
25 145 150 155 

ATC ATC ATG TAT ACA ACT ATT GAT GCC TTA CCA GTC ACA GCT CAT CCA 5 88 

He He Met Tyr Thr Thr He Asp Ala Leu Pro Val Thr Ala His Pro 

160 165 170 

30 

ATG ACC CAG TTT GCT ACT GGA GTC ATG GCT CTT CAG GTT CAA AGT GAA 63 6 

Met Thr Gin Phe Ala Thr Gly Val Met Ala Leu Gin Val Gin Ser Glu 
175 180 185 

3 5 TTT CAA AAG GCA TAC GAG AAA GGG ATT CAC AAA TCA AAG TAT TGG GAA 6 84 

Phe Gin Lys Ala Tyr Glu Lys Gly He His Lys Ser Lys Tyr Trp Glu 
190 195 200 

CCA ACA TAT GAG GAT TCC ATG AAT CTG ATT GCT CAA GTT CCA CTT GTT 73 2 

4 0 Pro Thr Tyr Glu Asp Ser Met Asn Leu He Ala Gin Val Pro Leu Val 

205 210 215 220 



WO 95/24487 




PCT/EP95/00859 



GCT GCT TAT GTT 
Ala Ala Tyr Val 

5 AAG GAT GAA TCC 
Lys Asp Glu Ser 
240 

TTC AGT AGC TCT 
10 Phe Ser Ser Ser 
255 

ATA CAC AGT GAT 
lie His Ser Asp 
15 270 

TTG GTT GCT AGT 
Leu Val Ala Ser 
285 

20 

TTG AAT GGT TTA 
Leu Asn Gly Leu 

2 5 TTG CTA TGG ATA 

Leu Leu Trp lie 
320 

AAA GAG CAG TTG 

3 0 Lys Glu Gin Leu 

335 

GTT GTC CCT GGT 
Val Val Pro Gly 
35 350 

TAT ACA TGC CAG 
Tyr Thr Cys Gin 
365 

40 

CTG TTT CAA CTG 
Leu Phe Gin Leu 



TAT CGC AGG ATG TAC 
Tyr Arg Arg Met Tyr 
225 

CTG GAT TAT GGT GCA 
Leu Asp Tyr Gly Ala 
245 

GAA ATG CAT GAA CTT 
Glu Met His Glu Leu 
260 

CAT GAA GGT GGT AAT 
His Glu Gly Gly Asn 
275 

GCT TTG TCT GAT CCT 
Ala Leu Ser Asp Pro 
290 

GCC GGA CCA CTT CAT 
Ala Gly Pro Leu His 
305 

AAA TCT GTT GTA GAA 
Lys Ser Val Val Glu 
325 

AAA GAC TAT GTT TGG 
Lys Asp Tyr Val Trp 
340 

TTT GGA CAT GGA GTT 
Phe Gly His Gly Val 
355 

AGA GAG TTC GCT ATG 
Arg Glu Phe Ala Met 
370 

GTT TCA AAA CTC TAC 
Val Ser Lys Leu Tyr 
385 



AAG AAT GGT GAC ACT 
Lys Asn Gly Asp Thr 
230 

AAT TTT GCT CAC ATG 
Asn Phe Ala His Met 
250 

CTT ATG AGG CTC TAT 
Leu Met Arg Leu Tyr 
265 

GTC AGT GCT CAC ACC 
Val Ser Ala His Thr 
280 

TAC CTC TCC TTT GCT 
Tyr Leu Ser Phe Ala 
295 

GGT TTA GCC AAT CAG 
Gly Leu Ala Asn Gin 
310 

GAA TGT GGG GAG AAC 
Glu Cys Gly Glu Asn 
330 

AAA ACA TTG AAC AGT 
Lys Thr Leu Asn Ser 
345 

CTG CGA AAG ACT GTA 
Leu Arg Lys Thr Val 
360 

AAG CAT TTG CCT GAA 
Lys His Leu Pro Glu 
375 

GAA GTT TTC CTC CTG 
Glu Val Phe Leu Leu 
390 



ATA CCT 780 

lie Pro 

235 

CTT GGT 82 8 

Leu Gly 



GTA ACA 87 6 

Val Thr 



GGT CAC 92 4 

Gly His 

GCT GCT 972 
Ala Ala 
300 

GAA GTT 102 0 

Glu Val 

315 

ATT TCC 1068 
lie Ser 



GGC AAG 1116 
Gly Lys 

CCA AGA 1164 
Pro Arg 

GAT CCA 1212 
Asp Pro 
380 

TTC TTA 12 6 0 

Phe Leu 

395 



WO 95/24487 



- 56 - 



PCT/EP95/00859 



CAG AAC TTG GCA AAG TTA AAA CCT TGG CCA AAT GTT GAT GCC CAC AGT 13 0 8 

Gin Asn Leu Ala Lys Leu Lys Pro Trp Pro Asn Val Asp Ala His Ser 
400 405 410 

5 GGT GTG TTG TTG AAC TAT TAT GGT TTA ACT GAA GCA AGA TAT TAT ACG 13 5 6 

Gly Val Leu Leu Asn Tyr Tyr Gly Leu Thr Glu Ala Arg Tyr Tyr Thr 
415 420 425 



GTC CTC TTT GGC GTA TCA AGA GCT CTT GGC ATT TGC TCT CAG CTA ATT 1404 
10 Val Leu Phe Gly Val Ser Arg Ala Leu Gly lie Cys Ser Gin Leu lie 
430 435 440 



TGG GAC CGA GCT CTT GGA TTG CCG CTA GAG AGG CCA AAG AGT GTC ACA 1452 
Trp Asp Arg Ala Leu Gly Leu Pro Leu Glu Arg Pro Lys Ser Val Thr 
15 445 450 455 460 



ATG GAG TGG CTT GAG AAC CAG TGC AAG AAA GCA TGAATTGTTT GAAATCTCGC 15 05 
Met Glu Trp Leu Glu Asn Gin Cys Lys Lys Ala 
465 470 

20 

GAGCATAAAA CACAATGTAT AATCTCTATG AATAATTGCT TGACAAAGCA CTCCTTTCTT 15 65 

GGGGGACAAG ATAGGTCGGC CCTTCAATGG GTTAACGAAC TTCAGTTCAA ACTTCACTGA 162 5 

2 5 ATTTGTGTGA ATTGTATGGT TTCTCGAGAC TTGTCCTGAA TTTTGAACTT AGTCTAGTGG 16 85 

ATTCATTTTT CTTCATTCCG AATTCCTCAC ACGCTGATCC AGCATGTAAA AAT T AAT AGG 17 4 5 

TCAATGCTAT TAATCGCGTT CTTGGTTGCC ATTAGACTTG TGAATGACTT CCTTTGCTGG 18 05 

30 

AAAGTTAGTA ATCGGCTGAT TCACGCAATA AACTGCAATT GTGTAGTTTC TTAAATTTGC 18 65 

TAATTCTTAT TTGATGATAT TATGAA 1891 



35 



( 2 ) INFORMATION FOR SEQ ID NO : 2 : 



(i) SEQUENCE CHARACTERISTICS: 
4 0 (A) LENGTH: 1551 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNES S : unknown 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA to mRNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Beta vulgaris 

(B) STRAIN : Zuchtlinie 5S 0026 
(F) TISSUE TYPE: leaf 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: pSBCS 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1 . .1313 

(D) OTHER INFORMATION: /EC_number= 4.1.3.7. 
15 /product^ "citrate synthase" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

2 0 TCC TCT AAC CTT GAC CTT CGT TCA GAG TTA CAA GAA CTG ATT CCT GAA 4 8 

Ser Ser Asn Leu Asp Leu Arg Ser Glu Leu Gin Glu Leu lie Pro Glu 
475 480 485 

CAA CAG GAA CGA CTG AAG AAG ATA AAG AAA GAA TTT GGA AGT TTC CAG 9 6 

2 5 Gin Gin Glu Arg Leu Lys Lys lie Lys Lys Glu Phe Gly Ser Phe Gin 
490 495 500 

CTG GGG AAT ATC AAT GTT GAC ATG GTA TTG GGC GGA ATG AGA GGA ATG 144 
Leu Gly Asn lie Asn Val Asp Met Val Leu Gly Gly Met Arg Gly Met 
30 505 510 515 

ACT GGT TTA CTT TGG GAG ACT TCC TTA CTC GAC CCA GAA GAG GGT ATC 192 

Thr Gly Leu Leu Trp Glu Thr Ser Leu Leu Asp Pro Glu Glu Gly lie 

520 525 530 535 

35 

CGG TTC AGG GGT TTT TCT ATA CCT GAA TGC CAG AAA CTT TTA CCC GCT 24 0 

Arg Phe Arg Gly Phe Ser lie Pro Glu Cys Gin Lys Leu Leu Pro Ala 

540 545 550 

4 0 GCA AGT GCT GGT GCA GAG CCA TTG CCT GAA GGT CTT CTT TGG CTT CTT 2 88 

Ala Ser Ala Gly Ala Glu Pro Leu Pro Glu Gly Leu Leu Trp Leu Leu 
555 560 565 
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TTA ACC GGA AAG GTT CCT AGC AAA GAG CAA GTA GAT GCT CTA TCA GCA 33 6 

Leu Thr Gly Lys Val Pro Ser Lys Glu Gin Val Asp Ala Leu Ser Ala 
570 575 580 

5 GAT TTA CGA AAA CGT GCT TCT ATC CCA GAC CAT GTG TAC AAA ACA ATT 3 84 

Asp Leu Arg Lys Arg Ala Ser lie Pro Asp His Val Tyr Lys Thr lie 
585 590 595 

GAT GCT CTA CCT ATT ACG GCT CAT CCA ATG ACT CAG TTT TGC ACT GGT 43 2 

10 Asp Ala Leu Pro lie Thr Ala His Pro Met Thr Gin Phe Cys Thr Gly 
600 605 610 615 

GTT ATG GCC TTA CAG ACT CGA AGC GAA TTT CAG AAG GCA TAT GAG AAA 480 
Val Met Ala Leu Gin Thr Arg Ser Glu Phe Gin Lys Ala Tyr Glu Lys 
15 620 625 630 

GGG ATC CAT AAG TCA AAG TTT TGG GAG CCA ACA TAT GAG GAC TGC CTT 52 8 

Gly lie His Lys Ser Lys Phe Trp Glu Pro Thr Tyr Glu Asp Cys Leu 
635 640 645 

20 

AGT TTG ATT GCT CAA GTT CCT GTT GTT GCA GCT TAT GTT TAT CGG AGG 57 6 

Ser Leu lie Ala Gin Val Pro Val Val Ala Ala Tyr Val Tyr Arg Arg 
650 655 660 

2 5 ATG TAT AAG AAT GGA CAA GTA ATA CCG CTG GAT GAC TCC CTT GAT TAT 624 

Met Tyr Lys Asn Gly Gin Val lie Pro Leu Asp Asp Ser Leu Asp Tyr 
665 670 675 

GGT GGA AAT TTC GCA CAC ATG TTG GGA TTT GAT AGC CCT CAG ATG CTT 672 

3 0 Gly Gly Asn Phe Ala His Met Leu Gly Phe Asp Ser Pro Gin Met Leu 

680 685 690 695 

GAG CTG ATG CGC CTT TAT GTC ACA ATT CAC AGT GAT CAT GAG GGT GGA 72 0 

Glu Leu Met Arg Leu Tyr Val Thr lie His Ser Asp His Glu Gly Gly 
35 700 705 710 

AAT GTT AGT GCA CAC ACT GGC CAT TTG GTG GGT AGT CCA CTT TCA GAT 768 

Asn Val Ser Ala His Thr Gly His Leu Val Gly Ser Pro Leu Ser Asp 

715 720 725 

40 

CCT TAT TTG TCA TTT GCA GCA GCA TTA AAT GGT TTG GCT GGG CCA CTC 816 

Pro Tyr Leu Ser Phe Ala Ala Ala Leu Asn Gly Leu Ala Gly Pro Leu 
730 735 740 
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CAT GGA TTA GCC AAC CAG GAA GTC CTG CTG TGG ATT AAA TCA GTT GTT 8 64 

His Gly Leu Ala Asn Gin Glu Val Leu Leu Trp lie Lys Ser Val Val 
■745 750 755 



5 GAT GAA TGT GGA GAG AAC ATC TCG ACA GAG CAG TTG AAA GAT TAT GTT 912 
Asp Glu Cys Gly Glu Asn lie Ser Thr Glu Gin Leu Lys Asp Tyr Val 
760 765 770 775 



TGG AAG ACA CTA AAC AGT GGC AAG GTT GTA CCT GGA TTT GGT CTA GGA 960 
10 Trp Lys Thr Leu Asn Ser Gly Lys Val Val Pro Gly Phe Gly Leu Gly 

780 785 790 



GTA TTG CGG AAG ACA GAT CCA AGA TAC ACA TGC CAA AGA GAA TTT GCG 10 0 8 

Val Leu Arg Lys Thr Asp Pro Arg Tyr Thr Cys Gin Arg Glu Phe Ala 
15 795 800 805 



TTG AAG CAC TTG CCT GAT GAC CCA TTT TTT CAA TTG GTG TCA AAG TTG 105 6 

Leu Lys His Leu Pro Asp Asp Pro Phe Phe Gin Leu Val Ser Lys Leu 
810 815 .820 

20 

TAT GAA GTG GTG CCT CCT ATT CTA TTA GAG CTT GGA AAG GTA AAG AAT 1104 
Tyr Glu Val Val Pro Pro lie Leu Leu Glu Leu Gly Lys Val Lys Asn 
825 830 835 



2 5 CCA TGG CCT AAT GTT GAT GCT CAT AGT GGA GTT TTG CTG AAC CAC TAT 1152 
Pro Trp Pro Asn Val Asp Ala His Ser Gly Val Leu Leu Asn His Tyr 
840 845 850 855 



GGT TTG ACA GAA GCA AGA TAC TAT ACG GTT TTG TTT GGG GTA TCA AGG 12 00 

3 0 Gly Leu Thr Glu Ala Arg Tyr Tyr Thr Val Leu Phe Gly Val Ser Arg 

860 865 870 



AGT CTT GGA ATA TGC TCA CAG CTT ATA TGG GAC CGA GCT CTT GGC TTG 124 8 

Ser Leu Gly lie Cys Ser Gin Leu lie Trp Asp Arg Ala Leu Gly Leu 
35 875 880 885 



CCG CTA GAG AGG CCA AAG AGT GTC ACT ATG GAA TGG CTT GAA AAG TTT 12 9 6 

Pro Leu Glu Arg Pro Lys Ser Val Thr Met Glu Trp Leu Glu Lys Phe 
890 895 900 

40 

TGT AAA AGA AGA GCA TA ACATTGATGA CATATCAACT CACTGTTGTT 13 43 

Cys Lys Arg Arg Ala 
905 
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CTTTGTCGAA TCTACAATAA TATAGTTTGA GGGACAAGAA AGAATTTTAT TTTC GGAGAT 1403 

GAGATAAGCG AGGACTCAGA AACATAGTTT TCTTTGTCTC TTGCTGAGGT TTGCGTTTTA 146 3 

5 TATATTTCAC TTGTAAATAT ATTGTATGGT TTCTTGATCA AAACATGAGA TAAAGAGTTT 152 3 

TCATAAAAAA AAAAAAAAAA AAAAAAAA 1551 



10 



25 



( 2 ) INFORMATION FOR SEQ ID NO : 3 : 



(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 1747 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS: unknown 

(D) TOPOLOGY: linear 

2 0 (ii) MOLECULE TYPE: cDNA to mRNA 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Nicotiana tabacum 
(F) TISSUE TYPE: leaf 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: TCS 



(ix) FEATURE: 

3 0 (A) NAME / KEY : CDS 

(B) LOCATION: 70 . . 147 6 

( D ) OTHER INFORMATION : /EC_number= 4.1.3.7. 
/product^ "citrate synthase" 

35 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3: 
GCTCTTGGGA TCTATTTCCT CTCTCTATTT CTCCCTAGGT AAAAGTTAAT TTGTTGATTT 6 0 

4 0 TTGCGAGCC ATG GTG TTC TAT CGC GGC GTT TCT CTG CTG TCA AAG CTG 108 

Met Val Phe Tyr Arg Gly Val Ser Leu Leu Ser Lys Leu 
440 445 450 



WO 95/24487 




PCT/EP95/00859 



CGT TCT CGA GCG GTC CAA CAG ACA AAT CTT AGC AAC TCT GTG CGG TGG 15 6 

Arg Ser Arg Ala Val Gin Gin Thr Asn Leu Ser Asn Ser Val Arg Trp 
455 460 465 

5 CTT CAA GTC CAA ACC TCT TCT GGT CTT GAT CTG CGT TCT GAG CTG CAA 2 04 

Leu Gin Val Gin Thr Ser Ser Gly Leu Asp Leu Arg Ser Glu Leu Gin 
470 475 480 

GAA TTG ATT CCA GAA CAA CAG GAT CGC CTA AAG AAG CTC AAG TCA GAG 2 52 

10 Glu Leu lie Pro Glu Gin Gin Asp Arg Leu Lys Lys Leu Lys Ser Glu 
485 490 495 

CAT GGA AAG GTT CAA TTG GGA AAC ATC ACA GTT GAT ATG GTT CTT GGT 3 00 

His Gly Lys Val Gin Leu Gly Asn lie Thr Val Asp Met Val Leu Gly 
15 500 505 510 

GGA ATG AGA GGA ATG ACA GGA TTA CTG TGG GAA ACC TCA TTA CTT GAC 348 

Gly Met Arg Gly Met Thr Gly Leu Leu Trp Glu Thr Ser Leu Leu Asp 

515 520 525 530 

20 

CCC GAT GAA GGA ATT CGC TTT CGG GGC TTG TCT ATC TAT GAA TGC CAA 396 

Pro Asp Glu Gly lie Arg Phe Arg Gly Leu Ser lie Tyr Glu Cys Gin 

535 540 545 

25 AAG GTA TTA CCT GCA GCA AAG CCT GGG GGA GAG CCC TTG CCT GAA GGT 444 
Lys Val Leu Pro Ala Ala Lys Pro Gly Gly Glu Pro Leu Pro Glu Gly 
550 555 560 

CTT CTC TGG CTT CTT TTA ACA GGA AAG GTG CCA TCA AAA GAG CAA GTG 49 2 

3 0 Leu Leu Trp Leu Leu Leu Thr Gly Lys Val Pro Ser Lys Glu Gin Val 
565 570 575 

GAT TCA TTG TCT CAG GAA TTG CGA AGT CGT GCT ACT GTC CCC GAT CAT 54 0 

Asp Ser Leu Ser Gin Glu Leu Arg Ser Arg Ala Thr Val Pro Asp His 
35 580 585 590 

GTA TAC AAA ACT ATT GAT GCC TTA CCA GTC ACA GCT CAT CCA ATG ACT 588 
Val Tyr Lys Thr lie Asp Ala Leu Pro Val Thr Ala His Pro Met Thr 
595 600 605 610 



40 



CAG TTT GCT ACT GGA GTC ATG GCT CTT CAG GTT CAA AGT GAA TTT CAA 63 6 

Gin Phe Ala Thr Gly Val Met Ala Leu Gin Val Gin Ser Glu Phe Gin 
615 620 625 
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AAG GCA TAT GAG AAA GGG ATT CAC AAA TCA AAG TTA TGG GAA CCG ACA 6 84 

Lys Ala Tyr Glu Lys Gly lie His Lys Ser Lys Leu Trp Glu Pro Thr 
630 635 640 

5 TAT GAG GAT TCC ATG AGT TTG ATT GCT CAA GTT CCA CTT GTT GCT GCT 73 2 

Tyr Glu Asp Ser Met Ser Leu lie Ala Gin Val Pro Leu Val Ala Ala 
645 650 655 

TAT GTT TAT CGC AGG ATG TAC AAG AAC GGC AAC ACT ATA CCT AAG GAT 7 80 

10 Tyr Val Tyr Arg Arg Met Tyr Lys Asn Gly Asn Thr lie Pro Lys Asp 
660 665 670 

GAC TCA CTG GAT TAT GGT GCA AAT TTT GCT CAC ATG CTT GGT TTC AGT 82 8 

Asp Ser Leu Asp Tyr Gly Ala Asn Phe Ala His Met Leu Gly Phe Ser 
15 675 680 685 690 

AGC TCT GAC ATG CAT GAG CTT ATG AAG CTC TAT GTC ACG ATA CAC AGT 87 6 

Ser Ser Asp Met His Glu Leu Met Lys Leu Tyr Val Thr lie His Ser 

695 700 705 

20 

GAT CAT GAA GGT GGT AAC GTC AGT GCT CAC ACA GGT CAC TTG GTT GCT 924 

Asp His Glu Gly Gly Asn Val Ser Ala His Thr Gly His Leu Val Ala 

710 715 720 

2 5 AGT GCT TTG TCA GAC CCT TAC CTC TCC TTC GCT GCT GCT TTG AAT GGT 972 

Ser Ala Leu Ser Asp Pro Tyr Leu Ser Phe Ala Ala Ala Leu Asn Gly 
725 730 735 

TTA GCT GGA CCA CTT CAT GGT TTA GCC AAT CAG GAA GTT TTG CTA TGG 102 0 

3 0 Leu Ala Gly Pro Leu His Gly Leu Ala Asn Gin Glu Val Leu Leu Trp 

740 745 750 

ATC AAA TCT GTT GTA GAG GAG TGT GGG GAG AAC ATT TCC AAA GAG CAG 10 68 

lie Lys Ser Val Val Glu Glu Cys Gly Glu Asn lie Ser Lys Glu Gin 
35 755 760 765 770 

TTG AAA GAC TAC GCT TGG AAA ACA TTG AAA AGT GGC AAG GTT GTC CCT 1116 
Leu Lys Asp Tyr Ala Trp Lys Thr Leu Lys Ser Gly Lys Val Val Pro 
775 780 785 



40 



GGT TTC GGA CAT GGA GTT CTG CGC AAG ACT GAT CCA AGA TAC ACA TGC 1164 
Gly Phe Gly His Gly Val Leu Arg Lys Thr Asp Pro Arg Tyr Thr Cys 
790 795 800 
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CAG AGA GAG TTC GCT TTG AAG CAT TTG CCT GAA GAT CCA CTG TTT CAA 1212 
Gin Arg Glu Phe Ala Leu Lys His Leu Pro Glu Asp Pro Leu Phe Gin 
805 810 815 

5 CTG GTT GCA AAA CTC TAC GAA GTG TTC CTC CAA TTC TTA CAG AAC TTG 12 6 0 

Leu Val Ala Lys Leu Tyr Glu Val Phe Leu Gin Phe Leu Gin Asn Leu 
820 825 830 

GCA AAG TTA AAC CCT TGG CCA AAT GTT GAT GCC CAC AGT GGT GTG TTG 13 0 8 

10 Ala Lys Leu Asn Pro Trp Pro Asn Val Asp Ala His Ser Gly Val Leu 
835 840 845 850 

TTG AAC TAT TAT GGT TTA ACT GAA GCA AGA TAT TAT ACG GTC CTC TTT 13 5 6 

Leu Asn Tyr Tyr Gly Leu Thr Glu Ala Arg Tyr Tyr Thr Val Leu Phe 
15 855 860 865 

GGT GTA TCA AGA GCT CTT GGC ATT TGC TCT CAG CTA ATT TGG GAC CGA 1404 
Gly Val Ser Arg Ala Leu Gly lie Cys Ser Gin Leu He Trp Asp Arg 
870 875 880 

20 

GCT CTT GGA TTG CCA CTA GAG AGG CCA AAG AGT GTC ACA ATG GAG TGG 1452 
Ala Leu Gly Leu Pro Leu Glu Arg Pro Lys Ser Val Thr Met Glu Trp 
885 890 895 

2 5 CTT GAG AAC CAT TGC AAG AAA GCA TGATTTGTTT GAAATCTCTG CGAGCATAAA 1506 

Leu Glu Asn His Cys Lys Lys Ala 
900 905 

AGCACAATGT AAAATCTTTA TGAATAATTG CTTGAGAAAG CAGTTTTTTC TTGGAGCCAA 15 6 6 

30 

GGTAGGTCGC ATTAGGATGT TCATCGATTG GCTTAGTACG GTTTTGAAAG ATTTTGGTTG 162 6 

TGTATTTTCA GTTTCGGTTT TAAAAATGTT AT AC C AAT AC CTTATCGATA TAAATTCAAT 168 6 

3 5 ATGATTCGAT TTTTTACTTT TGTTTGAAAA AAAAAACAAA AAAAAAAAAA AAAAAAAAAA 17 4 6 

A 1747 



40 



(2) INFORMATION FOR SEQ ID NO : 4: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
5 ( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = " oligonucleotide 11 

10 (iii) HYPOTHETICAL: YES 



15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

AAGTGGATCC ATGGTGTTTT TCCGCAGCGT AT 

32 

2 0 (2) INFORMATION FOR SEQ ID NO : 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE : nucleic acid 
25 (C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide* 



30 



35 



40 



( iii ) HYPOTHETICAL : YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
CATAGGATCC TTAAGCAGAT GAAGCTTTCT TA 3 2 

(2) INFORMATION FOR SEQ ID NO : 6: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

5 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "oligonucleotide 



( iii ) HYPOTHETICAL : YES 

10 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 

15 

GATCGGTACC ATGTACAGAT GCGCATCGTC T 



(2) INFORMATION FOR SEQ ID NO : 7: 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION : /desc = "oligonucleotide 

3 0 (iii) HYPOTHETICAL: YES 



3 5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7: 

GT AC GG AT C C CTTGGTTGCA ACAGCAGCTG A 

40 (2) INFORMATION FOR SEQ ID NO : 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 43 base pairs 
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(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

5 (ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

{iii) HYPOTHETICAL : YES 

10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
15 C TAGGGATC C ATGTCAGCGA TATTATCAAC AAC T AGC AAA AGT 43 

(2) INFORMATION FOR SEQ ID NO: 9: 

2 0 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 



25 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide' 

( iii ) HYPOTHETICAL : YES 



30 



35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9: 
GATTGGATCC TTAGTTCTTA CTTTCGATTT TCTTTACCAA CTC 43 



(2) INFORMATION FOR SEQ ID NO: 10: 

40 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

( B ) TYPE : nucleic acid 
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<C) STRANDEDNESS : single 
( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 
5 (A) DESCRIPTION : /desc = " oligonucleotide " 

( i i i ) HYPOTHETICAL : YES 

10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GTAGGGATCC ATGGCTGATA CAAAAGCAA 2 9 

15 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
2 0 (A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

25 (ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: YES 

30 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



3 5 GATTGGATCC TTAACGCTTG ATATCGCTT 



29 
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Claims 



1. 

5 
10 

2 . 

15 

3 . 

20 

4 . 

25 5 . 
30 6. 



DNA sequences from a plant of the Solanaceae family or the 
Chenopodiaceae family which contain the coding region for 
a citrate synthase (EC No. 4.1.3.7.)/ characterized in 
that the information contained in the nucleotide sequence 
permits, upon integration into a plant genome, the 
formation of transcripts through which an endogenous 
citrate synthase activity can be suppressed, or permits 
the formation of transcripts by which the citrate synthase 
activity in the cells can be increased. 

DNA sequences according to claim 1, characterized in that 
these sequences originate from the species Solanum 
tuberosum. 

DNA sequences according to claim 1, characterized in that 
these sequences originate from the species Nicotiana 
tabacum. 

DNA sequences according to claim 1, characterized in that 
these sequences originate from the species sugar beet 
(Beta vulgaris) . 

DNA sequences according to claim 1, characterized in that 
these sequences code for a protein which has the amino 
acid sequence given in SeqID No. 1 or an essentially 
identical amino acid sequence. 

DNA sequences according to claim 1, characterized in that 
these sequences code for a protein which has the amino 
acid sequence given in SeqID No. 2 or an essentially 
identical amino acid sequence. 



35 7. 



DNA sequences according to claim 1, characterized in that 
these sequences code for a protein which has the amino 
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acid sequence given in SeqID No. 3 or an essentially 
identical amino acid sequence. 



8. DNA sequences according to claim 1, characterized in that 
5 these sequences have the nucleotide sequence given in 

SeqID No. 1 or an essentially identical nucleotide 
sequence . 

9. DNA sequences according to claim 1, characterized in that 
10 these sequences have the nucleotide sequence given in 

SeqID No. 3 or an essentially identical nucleotide 
sequence . 

10. DNA sequences according to claim 1, characterized in that 
15 these sequences have the nucleotide sequence given in 

SeqID No. 2 or an essentially identical nucleotide 
sequence . 



11. Process for inhibiting flower formation in plants, 
20 characterized in that the citrate synthase activity in the 

cells of the plants is reduced. 

12 . Process to improve the storage capability of storage 
organs in plants, characterized in that the citrate 

25 synthase activity in the cells of the plants is reduced. 

13. Process for the production of transgenic tuberous plants, 
the tubers of which show reduced sprouting, characterized 
in that the citrate synthase activity in the cells of the 

3 0 plants is reduced. 

14. Process according to one or more of claims 11 to 13, 
whereby the citrate synthase activity is reduced by 
inhibiting the expression of DNA sequences which code for 

35 citrate synthases. 
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15. Process according to claim 14, characterized in that the 
expression of DNA sequences which code for citrate 
synthases is inhibited by the use of anti-sense RNA. 

5 16. Process according to claim 15, characterized in that 

a) a DNA which is complementary to a citrate synthase 
gene present in the cell is stably integrated into 
the genome of a plant cell, 

b) this DNA is expressed cons titutively or is inducible 
10 due to the combination with suitable elements 

controlling the transcription, 

c) the expression of endogenous citrate synthase genes 
is inhibited because of an anti-sense effect and 

d) plants are regenerated from the transgenic cells. 

15 

17. Process according to one or more of claims 15 to 16, 
wherein the DNA sequence transcribed into an ti -sense RNA 
comprises a nucleotide sequence which codes in sense 

2 0 orientation for a protein having the amino acid sequence 

given in SeqID No. 1 or SeqID No. 2 or SeqID No. 3 or an 
essentially identical amino acid sequence or a part 
thereof, whereby the coding sequence used is suitable for 
inhibiting the expression of an endogenous citrate 

2 5 synthase gene. 



18. Process according to one or more of claims 15 to 16, 
wherein the DNA sequence transcribed into anti-sense RNA 

3 0 comprises the nucleotide sequence given in SeqID No. 1 or 

SeqID No. 2 or SeqID No. 3 or an essentially identical 
nucleotide sequence or a part thereof or derivatives 
thereof which are derived by insertion, deletion or 
substitution of this sequence, whereby these parts or 

3 5 derivatives are suitable for inhibiting the expression of 

an endogenous citrate synthase gene. 
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Process for inducing flower formation in plants, 
characterized in that the citrate synthase activity in the 
cells of the plant is increased. 



5 

20. Process according to claim 19, characterized in that a 
recombinant DNA molecule is inserted into cells which 
comprises the coding region for a citrate synthase and 
which leads to the expression of a citrate synthase in the 
10 transformed cells. 



21. Process according to claim 20, characterized in that 

a) DNA which is of homologous or heterologous origin and 
15 which codes for a protein having a citrate synthase 

activity is stably integrated into the genome of a 
plant cell, 

b) this DNA is constitutively or inductively expressed 
by combining with suitable elements controlling the 

20 transcription, 

c) because of this expression the citrate synthase 
activity in the transgenic cells increases and 

d) plants are regenerated from the transgenic cells. 



25 



22. Process according to one or more of claims 20 to 21, 
wherein the DNA sequence coding for a citrate synthase 
codes for a deregulated or unregulated citrate synthase. 



30 

23 



Process according to one or more of claims 2 0 to 21, 
wherein the DNA sequence coding for a citrate synthase 
comprises a nucleotide sequence which codes for a protein 
having the amino acid sequence given in SeqID No. 1 or 
SeqID No. 2 or SeqID No . 3 or an essentially identical 
amino acid sequence or for a part of these sequences 
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whereby these part displays citrate synthase activity. 



24. Process according to one or more of claims 20 to 21, 
5 wherein the DNA sequence coding for a citrate synthase 

activity comprises the nucleotide sequence given in SeqID 
No. 1 or Seq ID No . 2 or Seq ID No . 3 or an essentially 
identical nucleotide sequence or a part thereof, whereby 
this part is long enough to code for a protein which 
10 displays citrate synthase activity. 



25. Process according to one or more of claims 20 to 21 
wherein the DNA sequence coding for a citrate synthase 
15 originates from Sac char omyces cerevisae . 



26. Process according to one or more of claims 20 to 21, 
wherein the DNA sequence coding for a citrate synthase 
2 0 originates from a prokaryotic organism. 



27 . Process according to one or more of claims 20 to 21 , 
wherein the DNA sequence coding for a citrate synthase 
25 originates from E. coli. 



28. Recombinant double-stranded DNA molecules comprising an 
expression cassette comprising the following constituents: 

30 

i) a promoter functional in plants, 

ii) a DNA sequence coding for citrate synthase which is 
fused to the promoter in anti-sense orientation so 

3 5 that the non-coding strand is transcribed, and if 

necessary 
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iii) a signal functional in plants for the transcription 
termination and polyadenylation of an RNA molecule. 



5 29. Recombinant double-stranded DNA molecules comprising an 
expression cassette comprising the following constituents: 

A) a promoter functional in plants, 

10 B) a DNA sequence coding for citrate synthase which is 

fused to the promoter in sense orientation, and if 
necessary 

C) a signal functional in plants for the transcription 
15 termination and polyadenylation of an RNA molecule. 



30. Plasmid pPCS which was deposited under DSM No. 8879. 

20 

31. Plasmid pKS-CSa which was deposited under DSM No. 8880. 



32. Plasmid pSBCS which was deposited under DSM No. 9358 

25 

33. Plasmid pTCS which was deposited under DSM No. 9357. 



30 34. Plasmid TCSAS which was deposited under DSM No. 9359. 

^ 35. A plasmid, characterized in that it contains DNA sequences 

according to one or more of claims 1 to 10. 

35 
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36. Bacteria, containing DNA sequences according to one or 
more of claims 1 to 10 . 



37. Bacteria containing DNA molecules according to claims 28 
to 29. 



38. Transgenic plants, containing DNA sequences according to 
10 one or more of claims 1 to 10 as a constituent of 

recombinant DNA . 



39. Transgenic plants containing recombinant DNA molecules 
15 according to claims 28 to 29. 



40. Transgenic plants, characterized in that they display 
reduced citrate synthase activity in the cells because of 
20 the expression of an anti-sense RNA which is complementary 

to DNA sequences which code for a protein having the 
enzymatic activity of citrate synthase. 



25 41. Transgenic plants, characterized in that they show an 
increased citrate synthase activity in the cells because 
of the additional expression of a DNA sequence which codes 
for a protein having the enzymatic activity of citrate 
synthase . 

30 

42. Transgenic plant according to claims 3 8 to 41, 
characterized in that it is a useful plant. 



35 
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43 . Transgenic plant according to claims 38 to 42 , 
characterized in that it is a potato. 



44 . Use of DNA sequences which code for citrate synthase (EC 
No. 4.1.3.7.), for inhibiting flower formation in plants. 



45. Use of DNA sequences which code for citrate synthase (EC 
10 No. 4.1.3.7.) for inducing flower formation in plants. 



46. Use of a DNA sequence according to one or more of claims 
1 to 10 in combination with control elements for an 
15 expression in pro- and eukaryotic cells. 



47 . Use of a DNA sequence according to one or more of claims 
1 to 10 for the expression of a non- translatable mRNA 
2 0 which prevents the synthesis of an endogenous citrate 

synthase in the cells. 



48 . 

25 



Use of the DNA sequences according to claims 8 , 9 or 10 
for isolating homologous sequences from the genome of 
plants . 
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INDUCTION OF DWARFING AND EARLY FLOWERING 
5 USING GROUP 3 LEA PROTEINS 

This invention was made with Government support 
under NSF Grant (or contract) No, DCB-9006591 and USDA Grant 
91-03029. The Government has certain rights in this 
10 invention. 

FIELD OF THE INVENTION 
This invention relates to methods of inducing a 
dwarfed stature into plants by the recombinant introduction of 
15 a DNA sequence encoding a group 3 late embryogenesis abundant 
protein. In addition to dwarfism, the expression of this 
protein tends to confer early flowering and stress resistance , 
in particular drought resistance, to the transformed plants. 

The invention results in shorter, stronger and more 
20 branched plants and finds use in ornamental species such as 

petunia , geranium, and roses . In certain field crops such as 
wheat, barley and rice, shorter stems are beneficial to 
prevent lodging due to wind. Drought resistance has benefit 
in areas of low rainfall. 

25 

SUMMARY OF THE INVENTION 
This invention provides a method of dwarfing a plant 
said method comprising: (a) transforming the plant with a 
gene encoding a group 3 late embryogenesis abundant (LEA) 

3 0 protein; and, (b) culturing the plant simultaneously with the 
expression of LEA protein in sufficient quantity to dwarf the 
plant wherein said dwarfing is measured by at least a 20% 
reduction in growth habit or average internodal length. It is 
preferred that the LEA protein is operatively linked to a 

35 constitutive promoter or an efficient promoter which permits 
continuous expression throughout the plant 1 s lif e . Preferred 
sources of the LEA protein include but are not limited to the 
following plant species: Hordeum vulgare, Triticum aestivum, 
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Daucus carota, Brassica napus , Gossypium hirsuvum and glycine 
max. The sequence of a preferred LEA is provided in Seq. ID 
No. 1. In addition to dwarfing, the gene will produce early 
flowering, more branching, a more pronounced or abundant 
5 vascular system and increased resistance to stress. 

In addition to the above described methods, this 
invention provides for intact plants produced by the above 
method. The preferred species of plants include Nicotiana 
tabacum, Petunia hybrida, Brassica napus, Arabidopsis thaliana 
10 and Oriza sativa . 



DEFINITIONS 

The phrase "culturing the plant simultaneously with 
the expression of the LEA protein" refers to growing or 

15 cultivating the plant to maturity and using promoters which 
facilitate expression of the LEA protein during this growth 
process, the expression occurring generally throughout the 
plant in most if not all tissues. 

The term "dwarfing" refers to a reduction in average 

20 size of a plant. It can be objectively measured in a variety 
of statistically significant ways. Typically by direct 
measurement of internodal length, overall height and diameter 
or ratio of different sizes of various plant organs. 

The phrase "DNA sequence" refers to a single or 

25 double-stranded polymer of deoxyribonucleotide bases read from 
the 5 1 to the 3 1 end. It includes both genomic and cDNA , 
self-replicating plasmids, infectious polymers of DNA and non- 
functional DNA. 

The term "group 3 LEA protein" includes the native 

30 and mutated forms of this family comprising structurally 

similar proteins each performing the same biological function 
in the native plant. It being further understood that 
polymorphism is likely and that minor allelic mutations both 
naturally occurring and deliberately induced are embraced by 

35 the term. Indeed, minor substitutions, deletions or additions 
to the primary amino acid sequence are possible and will have 
minimal impact upon the bioactivity of the enzyme. For 
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example, glutamine and asparagine, aspartate and glutamate 
residues are often interchangeable. 

The phrase "intact plant" refers to complete plant 
having roots and above ground organs. 
5 The phrase "mature plant" refers to a plant 

producing sexual organs, i.e., flowers. 

The phrase "operatively linked" refers to a 
functional covalent linkage between a promoter and a 
structural gene such that the host cell is able to transcribe 
10 an RNA from the combination. 

The term "plant" includes whole plants, plant parts 
(e.g., leaves, stems, roots, seeds, etc.) and plant cells. 

The term "promoter" refers to a region of DNA 
upstream from the structural gene and involved in recognition 
15 and binding RNA polymerase to initiate transcription. 

The term "transforming" refers to the introduction 
of a heterologous gene into a plant cell. 



DETAILED DESCRIPTION 

20 This invention provides for a method of dwarfing 

plants using a family of proteins termed Late Embryogenesis 
Abundant (LEA) proteins. A number of groups around the world 
have isolated cDNA and genomic clones encoding these proteins 
which are very abundant during late embryogenesis. They have 

25 been generally described by Dure et al . , 1989, Plant Mol . 
Biol. 12:475-486. 

Three groups of LEA proteins have been 
characterized. This invention utilizes group three of which 
the barley LEA, Hv Al has been used herein. Other members of 

30 group 3 are described in Table 1 of Dure et al., 1989, supra. 

They have been found in monocotyledonous plants such as barley 
and wheat as well as several dicotyledonous plants, such as 
rape seeds, carrot and cotton. They range in size from 14 to 
66 kDa but are best characterized by their abundance in seeds 

35 and unique tract of eleven repeating amino acids (see Fig. 4 
of Dure , et al . Supra). 

It has been shown recently that LEA protein genes 
can be induced by a plant hormone, abscisic acid (ABA) , as 
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well as by several environmental stress conditions including 
drought, salinity, heat and cold (Hong et al . , 1992, Plant 
Mol . Biol. 18:663-674). Surprisingly it has been found that 
this protein, when introduced into a plant by recombinant 
5 means and expressed in the mature plant will confer dwarfing 
as well as other beneficial properties to that plant. Such 
properties include early flowering and stress resistance. 



A. General Methods 

10 Generally, the nomenclature and general laboratory 

procedures with respect to recombinant DNA technology can be 
found in Sambrook, et al., Molecular Cloning - A Laboratory- 
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New 
York 1989. Other general references are provided throughout 

15 this document. The procedures therein are believed to be well 
known in the art and are provided for the convenience of the 
reader. All the information contained therein is incorporated 
herein by references. 

2 0 B. Sources of genes encoding group 3 LEA proteins 

By using a number of standard procedures, one of 
skill can identify 3 LEA proteins in other species of plants. 
While the gene can be amplified directly from a mRNA extract 
using PCR, the first step is generally to produce a genomic or 

2 5 cDNA library. 

In brief, genomic or cDNA libraries are prepared 
according to standard techniques as described, for instance, 
in Sambrook, supra. To construct genomic libraries, large 
segments of genomic DNA are generated by random fragmentation 

30 and are ligated with vector DNA to form concatemers that can 

be packaged into the appropriate vector. Two kinds of vectors 
are commonly used for this purpose, bacteriophage lambda 
vectors and cosmids. 

In the present invention, cDNA libraries enriched 

35 for group 3 Lea gene sequences are generally used to screen 

for the desired genes. Preparation of appropriately enriched 
cDNA would involve the use of plant organs over expressing the 
LEA protein, e.g. aleurone layers and endosperm. Briefly, 
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mRNA from select tissue is isolated from total RNA and cDNA is 
prepared. Short chains of oligo d-T nucleotides are 
hybridized with the poly-A tails of the mRNA and serve as a 
primer for the enzyme, reverse transcriptase, which 
5 synthesizes a complementary DNA (cDNA) strand. The cDNA can 
be optionally enriched for the desired sequences using 
subtraction hybridization procedures by labelling the cDNA and 
hybridizing it with mRNA from tissue that does not express the 
desired mRNA according to the procedures. Proc. Natl. Acad. 

10 Sci. U.S.A. 81:2194-2198 (1984). 

Unreacted cDNA is isolated and used to prepare a 
library for screening. To do this, a second DNA strand is 
synthesized using the first cDNA strand as a template. 
Linkers are added to the double-stranded cDNA for insertion 

15 into a plasmid or A phage vector for propagation in E. coli . 

Identification of clones harboring the desired 
sequences is performed by either nucleic acid hybridization or 
immunological detection of the encoded protein, if an 
expression vector is used. Typically, oligonucleotide probes 

20 specific for group 3 LEA protein genes are used. 

Oligonucleotide probes useful for identification of 
other group 3 LEA genes can also be prepared from conserved 
regions of related genes in other species. By comparing the 
nucleotide sequences of the known group 3 LEA proteins, one 

25 simply identifies conserved sequences in the genes and uses 
those sequences as probes or a PCR primers to locate 
homologous sequences in genomic or cDNA libraries of other 
plants. Regions of nucleotide homology and amino acid 
identity are discussed in Dure et al . ,1989, Plant Mol . Biol. 

30 12:475-486. For example, sequences 95 to 316, and 420 to 545 
of Seq. ID. No. 1 are conserved and can be used to isolate 
other genes encoding type 3 LEA proteins. 

The probes are typically used to identify sequences 
that hybridize under stringent conditions to ensure that the 

35 sequences are in fact related. Typically, stringent 

conditions suitable for finding related sequences would be 
performing the hybridization at room temperature using 1M 
salt. 
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More particularly, total RNA is isolated from 
aleurone layers and various organs using guanidine-HCl as 
described in Koehler and Ho, 1990, Plant Cell 2:769-783. 
Alternatively total RNA from developing endosperm can be 
5 prepared using the method of Rogers and Milliman, 1983 J. 
Biol. Chem. 258:8169-8174. For barley, poly A + RNA is 
isolated from total RNA using embryo sources: embryos are 
collected at 30, 35, and 40 days post anthesis (DPA) and 
mature embryos from embryo-containing half-seeds hydrated and 

10 gently shaken in imbibition buffer plus 2 mM ABA (75 half- 
seeds/15 ml/14 cm petri plate) for 24 h at 20°C. 

Genomic DNA can be isolated using a modified version 
of Sutton, 1974 Biochem. Biophys . Acta 336:1-10, Briefly, 25 
g of frozen tissue is powdered in a coffee mill and gently 

15 homogenized in a mortar to a smooth slurry with 25 ml 

extraction buffer (0.2 M Tris-HCl, pH 8.5, 10 mM EDTA, 1% 
SDS) . This mixture is extracted with phenol : chloroform and 
centrifuged (12,000 x g) . The aqueous phase is adjusted to 
0.5 M NaCl, extracted with phenol : chloroform: isoamyl alcohol 

20 (25:24:1), and centrifuged again. DNA is spooled through two 
volumes of ethanol. Spooled DNA is resuspended by overnight 
dialysis against TE (10 mM Tris HC1 , pH 8.0, 1 mM EDTA), 
treated with 50 mg/ml RNase A (37°C, 1 h) , adjusted to 150 mM 
NaCl, and extracted twice with chloroform. Genomic DNA was 

25 spooled from the final aqueous phase, dialyzed against TE, and 
stored at 4°C. Both DNA and RNA samples were quant itated by 
reading absorbance at 260 nm. 

Poly(A) + RNA is used for cDNA synthesis (Krug and 
Berger, 1987, Methods in Enzym. , Vol. 152, pp. 316-325; 

30 Gubler, 1987, Methods in Enzym., 152:325-335). Size 

fractionated (Huynh et al. 1985, pp. 49-78 of DNA Cloning: A 
Practical Approach ILR Process) , EcoRI linkered cDNA (>1.5 kb) 
was ligated into the Lambda ZAP II phage vector (Stratagene) 
and packaged in vitro using Gigapack II Gold packaging 

35 extracts (Stratagene) following manufacturer's instructions. 

Approximately 10 6 recombinant phage should be present in the 
resulting library. For screening, [ 32 P] labeled mRNA or PCR- 
generated probes are used. Hybridizations and washings were 
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performed essentially as described by Church and Gilbert 
(1984), Genomic Sequencing 8: 1991-1995. The largest positive 
clone is typically chosen for further analysis. 

5 C. Cloning of the group 3 LEA Genes , 

Once the gene or cDNA has been located, sufficient 
quantity of the gene or cDNA must be generated to facilitate 
subsequent recombinant manipulations. Although the sequences 
can be directly amplified by PCR, they are most commonly 

10 replicated in an intermediate bacterial host. Most commonly 
in a bacteria of the genera: Escherichia, Bacillus or 
Streptomyces . Cloning for amplification of intermediate 
vectors is most preferred in E. coli because that organism is 
easy to culture and more fully understood than other species 

15 of prokaryotes. The Sambrook manual contains methodology 

sufficient to conduct all subsequently described clonings in 
E. coli. 

The cloning vectors contain an origin of replication 
suitable for directing replication in prokaryotes as well as 

20 selectable markers. There are numerous examples of origin of 
replication markers in prokaryotes. E. coli replicons, which 
are the most closely studied, have origins of replication 
which are temperature dependent, high copy mutations, or those 
which constitutively sustain plasmid copies at only lower or 

25 moderate levels. Examples of E . Coli origins of replication 
are ColEl ori , Rl ori R, or pSClOl ori. Examples of 
selectable markers include for E. Coli: genes specifying 
resistance to antibiotics, i.e., ampicillin, tetracycline, 
kanamycin, erythromycin, or genes conferring other types of 

30 selectable enzymatic activities such as beta-galactosidase, or 
the lactose operon; for Bacillus subtilis: the neomycin 
resistance gene from staphylococcal plasmid pUBHO and the 
chloramphenicol acetyltransf erase gene from staphylococcal 
pC194; for Streptomyces sp. : the aminoglycoside 

35 phosphotransferase (APH) gene encoding resistance to neomycin 
and kanamycin, the thiostrepton resistance gene, the hygro- 
mycin resistance gene, the viomycin resistance gene (see 
generally, Genetic Manipulation of Streptomyces, A Laboratory 
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Manual, Ed. David Hopwood, Cold Spring harbor Laboratories, 
Cold Spring Harbor, New York) . 



D. Expression vectors . 
5 The desired expression vector consists of an 

expression cassette designed for plants and companion 
sequences upstream and downstream from the expression 
cassette. The companion sequences will be of plasmid or viral 
origin and provide necessary characteristics to the vector to 
10 permit the vectors to move DNA from bacteria to the desired 
plant host. 

The basic bacterial/plant vector construct will 
preferably provide a broad host range prokaryote replication 
origin; a prokaryote selectable marker; and, for Agrobacterium 

15 transformations, T DNA sequences for Agrobacteri urn-mediated 
transfer to plant chromosomes. 

Suitable prokaryote selectable markers include those 
identified in section C. Other DNA sequences encoding 
additional functions may also be present in the vector, as is 

2 0 known in the art . 

The recombinant expression cassette will contain in 
addition to the LEA protein coding sequence, a promoter 
region, plant 5 1 untranslated sequences, initiation codon 
depending upon whether or not the structural gene comes 

25 equipped with one, and a transcription and translation 

termination sequence. Unique restriction enzyme sites at the 
5 1 and 3' ends of the cassette allow for easy insertion into a 
pre-existing vector. 

Promoters to direct m-RNA transcription should 

30 operate effectively in plant hosts. Constitutive promoters 
are preferred. One such promoter is the nos promoter from 
native Ti plasmids, Herrera-Estrella et al . , Mature 303:209- 
213, 1983. Others include the 35S and 19S promoters of 
cauliflower mosaic virus [CaMV] Odell et al., Nature 313:810- 

35 812, 1985, and the 2 1 promoter, Velten, et al . , EMBO J. 3, 

2723-2730 , 1984 and the promoters from the ubiquitin, actin, 
opine synthetase, ribulose 1,5 bisphosphate carboxylase small 
subunit genes. 
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Transcription enhancers are elements upstream from 
the promoter site and include the "TATA box" as well as less 
characterized sequences which vary from species to species , Ha 
and An, Proc Nat. Acad. Sci. 85:8017-8021, 1988. 
5 Polyadenylation tails, Alber and Kawasaki, 1982, 

Mol. and Appl . Genet. 1:419-434 are also commonly added to the 
vector construct to optimize high levels of transcription and 
proper transcription termination, respectively . 
Polyadenylation sequences include but are not limited to the 

10 Agrobacterium octopine synthetase signal, Gielen et al., EMBO 
J". 3:835-846, 1984 or the nopaline synthase of the same 
species Depicker et al., Mol. Appl. Genet. 1:561-573, 1982. 

Since the ultimate expression of the desired gene 
product will be in a eucaryotic cell (e.g., tobacco), it is 

15 desirable to determine whether any portion of the cloned gene 
contains sequences which will be processed out as introns by 
the host's splicosome machinery. If so, site-directed 
mutagenesis of the "intron" region may be conducted to prevent 
losing a portion of the genetic message as a false intron 

20 code, Reed and Maniatis, Cell 41:95-105, 1985. 

The LEA protein is preferably expressed at 
concentrations sufficient to induce the desired phenotypic 
changes. Typically the level of expression is about 0.5% of 
the total soluble protein but between .25 and 1% is 

2 5 acceptable . The level of expression is measured by 

immunoblots (western blots) or by Northern hybridization 
assays where mRNA levels are assayed. 



E. Transformation of plant cells 

30 a . Direct Transformation 

The LEA vector can be microinj ected directly into 
plant cells by use of micropipettes to mechanically transfer 
the recombinant DNA. Crossway, Mol. Gen. Genetics , 202:179- 
185, 1985. The genetic material may also be transferred into 

35 the plant cell by using polyethylene glycol, Krens, et al., 
Nature, 296, 72-74, 1982. Another method of introduction of 
nucleic acid segments is high velocity ballistic penetration 
by small particles with the nucleic acid either within the 
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matrix of small beads or particles, or on the surface, Klein, 
et al., Nature, 327, 10-12, 1987. 

Yet another method of introduction would be fusion 
of protoplasts with other entities, either minicells, cells, 
5 lysosomes or other fusible lipid-surf aced bodies, Fraley, et 
al., Proc. Natl. Acad. Sci. USA, 79, 1859-1863, 1982. 

The gene encoding the group 3 LEA protein may also 
be introduced into the plant cells by electroporation . (Fromm 
et al., Pro. Natl Acad. Sci. USA 82:5824, 1985). In this 
10 technique, plant protoplasts are electroporated in the 
presence of plasmids containing the gene construct. 
Electrical impulses of high field strength reversibly 
permeabilize biomembranes allowing the introduction of the 
plasmids. Electroporated plant protoplasts reform the cell 
15 wall, divide, and form plant callus. 

b. Vectored Transformation 

Cauliflower mosaic virus (CaMV) may be used as a 
vector for introducing the gene encoding the group 3 LEA 
protein into plant cells. (Hohn et al . , 1982 "Molecular 

20 Biology of Plant Tumors," Academic Press, New York, pp. 549- 
560; Howell, United States Patent No. 4,407,956). In 
accordance with the described method, the entire CaMV viral 
DNA genome is inserted into a parent bacterial plasmid 
creating a recombinant DNA molecule which can be propagated in 

25 bacteria. After cloning, the recombinant plasmid is further 
modified by introduction of the group 3 LEA protein encoding 
genetic sequence into unique restriction sites of the viral 
portion of the plasmid. The modified viral portion of the 
recombinant plasmid is then excised from the parent bacterial 

30 plasmid, and used to inoculate the plant cells or plants. 

Another method of introducing the gene encoding 
group 3 LEA proteins into plant cells is to infect a plant 
cell with Agrobacteri um tumefaciens previously transformed 
with the gene. Under appropriate conditions known in the art, 

35 the transformed plant cells are grown to form shoots or roots, 
and develop further into plants. 

Agrobacterium is a representative genus of the gram- 
negative family Rhizobiaceae. Its species are responsible for 
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plant tumors such as crown gall and hairy root disease. In 
the dedifferentiated tissue characteristic of the tumors, 
amino acid derivatives known as opines are produced and 
catabolized. The bacterial genes responsible for expression 
5 of opines are a convenient source of control elements for 
chimeric expression cassettes . 

Heterologous genetic sequences can be introduced 
into appropriate plant cells, by means of the Ti plasmid of 
Agrobacterium tumefaciens . The Ti plasmid is transmitted to 

10 plant cells on infection by Agrobacterium tumefaciens , and is 
stably integrated into the plant genome. J. Schell, Science 
237: 1176-1183, 1987. 

Ti plasmids contain two regions essential for the 
production of transformed cells. One of these, named 

15 transferred DNA (T-DNA) , is transferred to plant nuclei and 

induces tumor formation. The other, termed virulence region, 
is essential for the transfer of this T-DNA but is not itself 
transferred. The transferred DNA region, which transfers to 
the plant genome, can be increased in size by the insertion of 

20 the gene encoding group 3 LEA proteins without its ability to 
be transferred being affected. A modified Ti plasmid, in which 
the tumor-causing genes have been deleted, can be used as a 
vector for the transfer of the gene constructs of this 
invention into an appropriate plant cell. 

25 Construction of recombinant Ti plasmids in general 

follows methods typically used with the more common bacterial 
vectors such as pBR322. Additional use can be made of 
accessory genetic elements sometimes found with the native 
plasmids and sometimes constructed from foreign sequences. 

30 These may include but are not limited to "shuttle vectors", 

Ruvkun and Ausubel, 1981, Nature 298 : 85-88 , promoters, Lawton 
et al., 1987, Plant Mol . Biol. 9:315-324 and structural genes 
for antibiotic resistance as a selection factor, Fraley et 
al., Proc. Nat. Acad. Sci . 80:4803-4807, 1983. 

35 All plant cells which can be transformed by 

Agrobacterium and from which whole plants can be regenerated 
from the transformed cells can be transformed according to the 
invention to produce transformed intact plants which contain 



WO 94/10831 PCT/US93/10629 

12 

and express the transferred gene encoding the group 3 LEA 
proteins . 

There are two common ways to transform plant cells 
with Agrobacterium: 
5 (1) co-cultivation of Agrobacterium with cultured 

isolated protoplasts, or 

(2) transformation of intact cells or tissues with 
Agrobacterium. 

Method (1) requires an established culture system 
10 that allows for the culturing protoplasts and subsequent plant 
regeneration from cultured protoplasts. 

Method (2) requires (a) that the intact plant cells 
or tissues can be transformed by Agrobacterium and (b) that 
the transformed cells or tissues can be induced to regenerate 
15 into whole plants. In both method (1) and (2), both a T-DNA 

and a vir region are required for transformation, but only the 
T-DNA genetic region is incorporated into the plant nuclear 
DNA . 

After transformation of the plant cell or plant, 

20 those plant cells or plants transformed by the Ti plasmid 

comprising the gene encoding the group 3 LEA protein can be 
selected by growing the plant cells on growth medium 
containing an appropriate antibiotic. 

After selecting the transformed cells by virtue of 

25 their ability to survive or to accumulate chlorophyll on the 
growth medium, one can confirm expression of the desired 
heterologous gene. Simple detection of RNA encoded by a 
cloned gene can be achieved by well known methods in the art, 
such as Northern blot hybridization, Maniatis. 

30 After determination of the presence and expression 

of the desired gene products, whole plant regeneration is 
desired. All plants from which protoplasts can be isolated 
and cultured to give whole regenerated plants can be 
transformed by the present invention so that whole plants are 

35 recovered which contain the transferred gene. Some suitable 

plants include, for example, species from the genera Fragaria, 
Lotus, Medicago , Onobrychis , Tri folium, Trigonella, Vigna, 
Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis , 
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Brassica, Raphanus , Sinapis, Atropa, Capsicum, Datura, 
Hyoscyamus , Lycopersion, Nicotiana, Solanum, Petunia, 
Digitalis , Majorana, Cichorium, Helianthus , Lactuca, Bromus , 
Asparagus, Antirrhinum, Hererocallis , Nemesia, Pelargonium, 
5 Panicum, Pennisetum, Ranunculus, Senecio, Salpiglossis , 

Cucumis, Browaalia, Glycine, Lolium, Zea, Triticum, Sorghum, 
and Datura. 

It is known that practically all plants can be 
regenerated from cultured cells or tissues, including but not 

10 limited to all major species of sugarcane, sugar beet, cotton, 
fruit and other trees, legumes and vegetables. Limited 
knowledge presently exists on whether all of these plants can 
be transformed by Agrobacterium. Species which are a natural 
plant host for Agrobacterium may be transformable in vitro. 

15 Monocotyledonous plants, and in particular, cereals and 

grasses, are not natural hosts to Agrobacterium. Attempts to 
transform them using Agrobacterium have been unsuccessful 
until recently. Hooykas-Van Slogteren et al., Nature 311:763- 
764, 1984. There is growing evidence now that certain 

2 0 monocots can be transformed by Agrrojbacterium. Using novel 

experimental approaches that have now become available, cereal 
and grass species may now be transformed . 

Additional plant genera that may be transformed by 
Agrobacterium include Ipomoea, Paasi flora, Cyclamen, Malus , 

25 Primus, Rosa, Rubus , Populus, Santalum, Allium, Lilium, 
Narcissus , Ananas, Arachis, Phaseolus and Pisum. 

Plant regeneration from cultured protoplasts is 
described in Evans et al . , Handbook of Plant Cell Cultures, 
Vol. 1: (MacMillan Publishing Co. New York, 1983); and Vasil 

30 I.R. (ed.), Cell Culture and Somatic Cell Genetics of Plants, 
Acad. Press, Orlando, Vol. I, 1984, and Vol. Ill, 1986. 

Means for regeneration vary from species to species 
of plants, but generally a suspension of transformed 
protoplasts containing copies of the gene encoding the Group 3 

35 LEA protein and other desired heterologous genes is first 

provided. Callus tissue is formed and shoots may be induced 
from callus and subsequently rooted. Alternatively, embryo 
formation can be induced from the protoplast suspension. 
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These embryos germinate as natural embryos to form plants. 
The culture media will generally contain various amino acids 
and hormones, such as auxin and cytokinins. It is also 
advantageous to add glutamic acid and proline to the medium, 
5 especially for such species as corn and alfalfa. Shoots and 

roots normally develop simultaneously. Efficient regeneration 
will depend on the medium, on the genotype, and on the history 
of the culture. If these three variables are controlled, then 
regeneration is fully reproducible and repeatable. 

10 The mature plants, grown from the transformed plant 

cells, are selfed and non-segregating, homozygous transgenic 
plants are identified. The inbred plant produces seed 
containing the gene for the LEA protein product. These seeds 
can be grown to produce plants that exhibit the desired 

15 dwarfing characteristic. 

The inbreds according to this invention can be used 
to develop hybrids or novel varieties embodying the desired 
traits. Such plants would be developed using traditional 
selection type breeding. 

2 0 Once the plants expressing the group 3 LEA proteins 

are obtained, they are assayed for dwarfism, early flowering 
and stress resistance. Dwarfism is typically measured by a 
reduction in growth habit as compared to an appropriate 
control plant grown under similar conditions, often optimal 

25 conditions. Direct measurements of height or of internodal 
lengths are taken and statistical analysis performed. 
Typically this invention will provide a reduction often times 
a 30-50% reduction in either total height or internodal 
length. 

30 Early flowering is also measured. Flowering is 

measured from germination or transplanting date to opening of 
the first flower. The control and group 3 LEA-transf ormed 
plants are grown under similar conditions, typically optimal 
and the number of days to anthesis is recorded and 

35 statistically compared. This invention will typically induce 
a 10-35% reduction in the days to flowering, more typically a 
15 to 25% reduction in days to flowering. 
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An increase in branching is also conferred by these 
genes. Branching is measured by counting branch points 
appearing above the ground. One simply compares enough 
experimental and control plants so that a valid statistical 
5 comparison is possible. Typically branching is increased by 
at least 15% and preferably by 30% or more. In some studies 
the branching can be doubled . 

Stress resistance is measured by comparison of time 
to leaf wilt between control and group 3 LEA-transf ormed 
10 plants grown under similar conditions, typically optimal. 

Differences are recorded and statistically compared. This 
invention will typically induce a 20% to 35% lengthening in 
time to cause wilting and/or a 20% to 50% reduction in leaf 
surface area . Finally a detectable strengthening of the 
15 vascular tissue has been noted. 

All of the above parameters are objectively analyzed 
using standard statistical tools such as the T-test. 
Differences of p s 0.05 are considered real. 

The following examples are provided by way of 
20 illustration only and not by way of limitation. Those of 
skill will readily recognize a variety of noncritical 
parameters which could be changed or modified to yield 
essentially similar results . 



2 5 EXAMPLES 
Transformation procedures : 

Group 3 LEA protein from Barley described in Hong et 
al. 1988, Plant Mol . Biol. 11:495-506 was used to transform 
tobacco plants. The LEA protein was introduced using a 

30 Agrobacterium transformation vector, pMON 530, which is 
described by Rogers et al . , 1987 Methods in Enzymology 
153:253-278, and was provided by Monsanto Company. The 
features of this vector include: 1) the CAMV 35S promoter 
leads to constitutive expression of the foreign genes 

35 regardless the developmental stage of the transgenic plants, 

and 2) the vector also contains an antibiotic selection marker 
gene, NPT1I (neomycin phosphotransferase), which confers 
resistance to kanamycin or its derivatives allowing an easy 



WO 94/10831 PCT/US93/10629 

16 

selection for the transgenic plants. The full length HV Al 
cDNA was subcloned into pMON 530 at its EcoRI site. The 
transgenic tobacco (Nicotiana tabacum variety Xanthi) plants 
were obtained by the leaf disk transformation technique 
5 mediated by Agrobacterium tumefaciens (Horsch et al . Science 
227:1229-1231, 1985) . 

The 35S promoter allowed the constitutive expression 
of HV Al in many tissues in the transgenic tobacco plants. 
HV Al RNA and protein were detected in the transgenic plants 

10 by Northern and Western analysis. Over a dozen individual 
transf ormants were obtained. Seven of them survived and 
produced progeny seeds. All of these seven plants were 
kanamycin resistant indicating the successful integration of 
the foreign genes in the transgenic plants. The R 0 

15 transf ormants were allowed to self pollinate, and the R 1 seeds 
were obtained and designated below as a "family. 11 R x progeny 
were segregated for the presence of HV Al . Western and dot 
blot analyses were employed to determine which of the R : 
progeny express HV Al protein. The R ± progeny plants 

20 expressing the HV Al gene were more than 50% shorter in height 
than those without the HV Al gene. As a control, reduction in 
height was not observed in transgenic plants expressing TMV 
coat protein or movement protein under the same CAMV 35S 
promoter of the same vector. Therefore, the phenotypes 

25 observed are not the mere consequence of any plant 
transformation experiment . 



a) The foreign genes were inserted into only one site of the 
tobacco genome : 

30 At least five of the original transf ormants follow 

the single-locus dominant genetic segregation pattern (3:1 
segregation ratio) . The progeny seeds generated by selfing 
these plants were tested for kanamycin resistance during seed 
germination. The results of the segregation are provided in 

35 table 1. 
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Table 1. 



10 



Family of 
transgenic 
plants 

I 

II 

IV 

V 

X 

B 



# of 
Kan -resistant 
plants 

47 
146 
256 

67 

34 

98 



# of 
Kan - sens it ive 
plants 

16 
46 
67 
20 
6 
26 



Ratio 
(KanR : KanS) 



2.96:1 
3 . 17 :1 
3.80:1 
3 .35:1 
5.66 :1 
3 . 77 : 1 



b) Drastic morphological changes in "transgenic plants, 

15 i.e. reduced height and more branching (bushy) compared to the 
wild-type controls : 

The data from family II are presented in table 2. 
Similar data have been obtained with other families. 



20 Table 2. 

Plant group number Height (cm) # of branches/plant 

Ave + S.E. Ave 

25 #12 (control) 208 ± 4 0.5 

#16 (control) 203 ±4 1.1 

#8 (transgenic) 85 ± 3 3.8 

#9 (transgenic) 93 ± 3 2.3 
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c ) Significantly earlier flowering ( — 15% sooner) in 

transgenic plants compared to the controls : 
5 The data from family II are presented in Table 3. 

Similar data have been obtained with other families. 



Table 3. 
10 Plant group 



number of days after seedling transplanting 
when flowers first appeared + S.E.) 



#12 (control) 52 ± 1 

15 #16 (control) 52 ± 1 

#8 (transgenic) ' 45 ± O 

#9 (transgenic) 46 ± 1 

20 

d) Less wilting in leaves of transgenic plants as 

compared with the control : 

Under standard greenhouse condition, more than half oj 
the lower leaves in control plants wilt after withholding 
25 water for six days while the transgenic plants show no 
apparent sign of wilting. 
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WHAT IS CLAIMED IS: 



1. A method of dwarfing a plant said method 
comprising: 

5 (a) transforming the plant with a DNA sequence 

encoding a group 3 late embryogenesis abundant (LEA) protein; 
and 

(b) culturing the plant simultaneously with the 
expression of the LEA protein at a level sufficient in 
10 quantity to dwarf the plant wherein said dwarfing is measured 
by at least a 20% reduction in growth habit or average 
internodal length . 



2. A method of claim 1 wherein the LEA protein gene 
15 is operatively linked to a constitutive promoter, 

3 . A method of claim 2 wherein the promoter is 
selected from the group consisting of: CaMV 35S, CaMV 19S, the 
ubiquitin gene promoter, the act in gene promoter, the opine 

20 synthetase gene promoter and the ribulose 1,5 bisphosphate 
carboxylase small subunit gene promoter. 

4. A method of claim 1 wherein the LEA protein is 
selected from the LEA protein of a species of the group 

25 consisting of: Hordeum vulgare, Triticum aestivum, Daucus 
carota, Brassica napus, Gossypium hirsutum and glycine max. 

5. A method of claim 4 wherein the LEA protein has 
the amino acid sequence of Seq. ID. No. 1. 



30 



6. A method of claim 1 wherein the dwarfed plant is 
further characterized by early flowering. 



7. A method of claim 1 wherein the dwarfed plant is 
35 further characterized by drought resistance. 
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8. A method of claim 1 wherein the dwarfed plant is 
further characterized by at least 30% increase in branching at 
the base of the stem. 

9, A method of claim 1 wherein the plant is selected 
from the group of plants comprising: Nicotians tabacum, 
Petunia hybrida, Brassica napus , Arabidopsis thaliana and 
Oriza sativa. 



10 10. An intact plant carrying a recombinant gene 

encoding a group 3 late embryogenesis abundant [ LEA] protein , 
said protein being expressed at a concentration effective to 
induce a dwarfed stature in the mature plant wherein the 
dwarfed stature is measured by at least a 2 0% reduction in 

15 growth habit or average internodal length. 

11. A plant of claim 10 wherein the LEA protein is 
operatively linked to a constitutive promoter. 

20 12. A plant of claim 11 wherein the promoter is 

selected from the group consisting of: CaMV 35S, CaMV 19S, the 
ubiquitin gene promoter, the act in gene promoter, the opine 
synthetase gene promoter and the ribulose 1,5 bisphosphate 
carboxylase small subunit gene promoter . 

25 

13. A plant of claim 10 wherein the LEA protein is 
selected from the LEA protein selected from the group 
consisting of: Hordeuw vulgare, Triticum aestivum, Daucus 
carota, Brassica napus, Gossypium hirsutum, and glycine max. 

30 

14. A plant of claim 13 wherein the LEA protein has 
the amino acid sequence of Seq. ID. No. 1. 



15. A plant of claim 10 wherein the dwarfed plant is 
35 further characterized by early flowering. 

16. A plant of claim 10 wherein the dwarfed plant is 
further characterized by drought resistance. 
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17 . A plant of claim 10 wherein the dwarfed plant is 
further characterized by at least 3 0% increase in branching at 
the base of the stem. 



18. A plant of claim 10 wherein the plant is selected 
from the group of plants comprising: Nicotians tabacum, 
Petunia hybrida, Brassica napus, Arabidopsis thaliana and 
Oriza sati va. 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/US93/ 10629 


A. CLASSIFICATION OF SUBJECT MATTER 




IPC(5) :A01H 5/00; C12N 15/00 




US CL :800/205; 435/172.3 




According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : &00/205; 435/172.3 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS, DIALOG 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



The EMBO Journal, Volume 7, No. 9, issued 1988, T. Schmulling 
et al, "Single Genes from Agrobacterium rhizogenes Influence Plant 
Development", pages 2621-2629, see page 2622. 

Plant Molecular Biology, Volume 11, issued 1988, B. Hong et al, 
"Cloning and Characterization of a cDNA Encoding a mRNA 
Rapidly Induced by ABA in Barley Aleurone Layers", pages 495- 
506, see page 502. 



1-18 



1-18 



| 1 Further documents are listed in the continuation of Box C. [ j See patent family annex. 



A* 

E* 
L" 

O" 
P- 



Special categori 

d orummi defining the general same of the art which is not considered 
to be part of particular relevance 

earlier document published on or after the nieraationml filing dale 

document which may throw doubts on priority ciaim(«) or which at 
cited lo establish the publication date of another citation or other 
special reason (as specified) 

document referring lo an oral disclosure, uae, exhibition or other 
document published prior to the hUernasionaJ filing date but later than 



later dooanraf publiahed after the mternational fUmg dale or priority 
date and not m conflict wrth the appLicatioo but c*ed to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed arvenboo cannot be 
considered novel or cannot be considered to mvorve an inventive step 
when the dorturnt ia taken alone 

document of particular relevance; the claimed invention cannot be 
considered to mwotve as inventive step when the document is 
combined with one or more other auch documents, auch combmetion 
being obvious to a peraon skilled in the art 



document member of the i 



family 



Date of the actual completion of the international search 
16 December 1993 


Date of mailing of the international search report 

2 7. JAN 


Name and mailing address of the ISAAJS 
Commiuiooer of Patent* and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. NOT APPLICABLE 


Authorized officer i^/T^ ^ <J^t 

ELIZABETH F. MCELWADO^/^ ^) 
Telephone Nc. (702) 2CS-C196 



Form PCT/1SA/210 (second ihect)(July 1992)« 




Y*(~^T ORGANISATION MOND1ALF LA PRO PR IETF: I NTELLECTU ELLfc 

■ A Bureau international 

DEMANDE INTERNATIONALE PUB LI EE EN VERTU DU TRAITE DE COOPERATION EN MATIERE DE BREVETS (PCT) 



(51) Classification Internationale des brevets - : I 

C12N 15/82, 15/54, A01H 1/00 Al 
A01H 5/00 



(11) Numero de publication internationale: 
(43) Date de publication internationale: 



WO 93/16187 

I9aout 1993 (19.08.93) 



(21) Numero de la demande internationale: 

(22) Date de depot international : 9 fevrier 1 993 (09.02.93 



PCT- FR93 00134 (74) Mandataire: PHELIP, Bruno; Cabinet Harle & Phelip, 21, 

rue de la Rochefoucauld, F-75009 Pans (FR). 



(30) Donnees relatives a la priorite: 

92/01712 14 fevrier 1992 (14.02.92) 



FR 



(71) Deposant (pour tous les Etats designes sauf US): VER- 

NEUIL" RECHERCHE [FR/FR]: Ferme de 1'Etana. 
B.P. 3, F-77390 Verneuil-l'Etang (FR). 

(72) Inventeurs; et 

(75) Inventeurs/Deposants (US settlement) : LEJEUNE, Fabienne j 
[FR/FR]; 18, 48, place Henri-Barbusse. F-86000 Poitiers ! 
(FR). TOURTE, Monique [FR/FR]; Les Aiglants. La ! 
Torchaise, F-86190 Beruges (FR). OULMOUDEN, Ah- ' 
mad [FR/FR]; 15, rue du Pontreau, F-86000 Poitiers 
(FR). KARST. Francis [FR/FR]; 5, allee Jean-Jacques- 
Rousseau, F-86000 Poitiers (FR). 



(81) Etats designes: CA, US, brevet europeen (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, 

SE). 



Publiee 

Avec rapport de recherche internationale. 
Avant I 1 expiration du delai prevu pour la modification des 
revendications, sera republiee si de telles modifications sont 
re cues. 



(54) Title: PLANT CARRYING GENES CODING FOR ENZYMES OF THE PHYTOSTEROL BIOSYNTHESIS PATH- 
WAY AND PROCESS FOR THE PRODUCTION OF SAME 

(54)Titre: PLANTE PORTANT DES GENES CODANT POUR DES ENZYMES DE LA VOIE DE BIOSYNTHESE DES 
PHYTOSTEROLS, ET PROCEDE D'OBTENTION 

(57) Abstract 

Plant carrying in its genome one or more genes coding for one or more enzymes of the early stages of the phytosterol bio- 
synthesis pathway. The genes are capable of coding for a mevalonate kinase, a farnesyl disphosphate synthetase or a mevalonyl 
5-phosphate kinase and can be the genes ERG 12, ERG20 and ERG8. The plants in which these genes are introduced in a stable 
manner have a number of advantages including increased development, enhanced productivity and regenerative ability. 

(57) Abrege 

Plante portant dans son genomene un ou plusieurs genes codant pour une ou plusieurs enzymes des etapes precoces de la 
voie de biosynthese des phytosterols. Ces genes peuvent coder pour une mevalonate kinase, une farnesyl diphosphate synthetase 
ou une mevalonyl 5-phosphate kinase et peuvent etre les genes ERG 12. ERG20 et ERG8. Les plantes dans Iesquelles ces genes 
sont inseres de maniere stable presentent de nombreux avantages tels qu'un developpement plus important et une amelioration de 
leur productivity et de leur capacite a regenerer. 
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Plante portant des genes codant pour des enzymes de la 
voie de biosynthese des phytosterols , et procede 
d ' obtention . 

La presente invention a pour objet des plantes 
5 portant des genes codant pour une ou plusieurs des 
enzymes des etapes precoces de la voie de biosynthese 
des phytosterols . 

Elle est egalement relative a un procede 
d' obtention desdites plantes . 

10 L'acide mevalonique (AMV) est un precurseur des 

unites isoprenes en C 5 qui sont elles-memes a la base 
de la biosynthese d'une part des phytosterols , et 
d' autre part de nombreuses molecules presentant une 
activite physiologique fondamentale dans le 

15 metabolisme, la proliferation et la dif f erenciation 
cellulaires des vegetaux : regulateurs de croissance, 
caroteno ides , chaine phytol de la chlorophylle , 
ubiquinone . 

La premiere etape de metabolisation de 1 1 AMV est 
20 sa phorphorylation par la mevalonate kinase (MK) . L'AMV 
est ensuite converti en isopentenyl pyrophosphate 
(IPP), molecule dont derivent les cytokinines (CKs), et 
qui constitue 1" unite isoprenique d ' enchainement menant 
en particulier a la synthese des gibberellines ( GAs ) et 
25 de l'acide abscissique (ABA). Les voies de biosynthese 
simplifiees de ces trois categories de phytohormones 
sont schematisees sur les figures 1A et IB . Ces 
phytohormones sont particulierement interessantes du 
fait de leur implication dans les phenomenes de 
30 regeneration; 

Le point de depart de la voie de biosynthese des 
GAs est l'AMV. Une suite de reactions aboutit ensuite a 
la cyclisation du geranyl-geranyl pyrophosphate ( GGPP ) 
et a la formation de kaurene qui est oxyde et rearrange 
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pour dormer l 1 aldehyde de GA i2 ( ROBERTS et HOOLEY, 
Plant Growth Regulators 1988 ed : Blakie , Chapman & 
Hall, New York,) , produit dont derivent les diverses 
GAS . 

5 Les sites de synthese GAs se situent chez les 

tres jeunes feuilles, dans les bourgeons en activite, 
aux extremites des racines et au niveau des embryons . 
Leur circulation se fait par la voie liberienne ; les 
GAs sont souvent liees a des sucres et sont liberees au 
10 niveau des sites d'action. 

Les principales proprietes des GAs sont : 

un effet net sur l'elongation des entre- 
noeuds . Cet effet peut aussi se produire sur les 
pedoncules floraux, ce qui permet d'obtenir soit une 
15 plus grande precocite soit des inflorescences plus 
developpees , 

- un effet stimulant sur le metabolisme, car 
elles favorisent la synthese d* enzymes hydrolysantes . 
Les GAs agissent egalement sur la teneur en auxines qui 

20 est souvent augmentee soit par stimulation des 
syntheses soit par inhibition des auxines-oxydases , 

- une action complexe sur les processus 
impliques dans la floraison; elles seraient plutot 
inhibitrices de 1' induction florale en particulier chez 

25 les arbres f ruitiers . Par contre, pour des especes 
ayant besoin de froid pour fleurir, une application de 
GA^ pourrait permettre la floraison en absence de 
froid , 

- une action egalement complexe sur les 
30 phenomenes de levee de dormance , 

- enfin , dans le domaine de l'organogenese, les 
GAs se comportent en antagonistes . 

Les cytokinines sont des adenines substitutes 
derivant des purines . 
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Les ARN de transfert constituent une source 
potentielle de CKs chez les vegetaux, ma is cette voie 
ne serait cependant pas la seule puisqu 1 il est admis 
au j ourd 1 hui , que la voie privilegiee de biosynthese de 
5 CKs provient du metabolisme de I'AMV. Dans les deux 
voies proposees, 1 ' IPP joue un role strategique . Dans 
ce cas, il se condense avec une adenosine-5 1 - 
monophosphate, alors que dans 1 ' autre cas, il se 
condense avec un residu adenine issu des ARN de 
10 transfert . 

Les CKs sont tres actives et presentent de 
nombreuses actions dont les principales sont: 

- un effet tres net sur la division cellulaire; 

- un role tres net egalement dans 1 1 organogenese 
15 ou elles sont antagonistes de la rhizogenese , 

une action stimulante sur le metabolisme , 
d'une part en favor is ant les syntheses proteiques et 
d' autre part, en protegeant les metabolites contre les 
actions des enzymes hydro lys antes . Cet effet provoque 
2 0 un retard de senescence au point que des feuilles 
traitees avec des CKs peuvent entrer en concurrence 
avec des feuilles plus jeunes au niveau des 
correlations morphogenes de la plante, 

- un effet antagoniste de la dominance apicale ; 
25 des bourgeons axi 11 aires traites par des CKs entrent en 

croissance et en competition avec 1 1 axe terminal. 

L 1 ABA est synthetise a partir de l'AMV via le 
f arnesyl pyrophosphate ( FPP ) ( MOORE T . C . Biochemistry 
and physiology of plant hormones ed: Springer Verlag, 
30 New York Heidelberg, Berlin, 1979 ) . Une autre voie 
menant a la synthese de cet inhibiteur a egalement ete 
decrite. Elle derive des carotenoides et en particulier 
de la violaxanthine . 

Les sites de synthese de 1 ' ABA dans la plante 
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sont multiples . En effet , lorsque des feuilles 
isolees, des tiges ou cies racines sont placees en 
condition de "stress" hydrique, une augmentation du 
taux d ! ABA est observee . 
5 L'ABA est egalement present dans les fruits et 

dans les graines . 

L'ABA joue un role majeur dans la regulation de 
la fermeture des stomates. 

L'ABA joue egalement un role dans les phenomenes 
10 de dormance observes au niveau de bourgeons ou de 
graines. II exerce aussi une action complexe sur la 
floraison. II semble que 1 ? ABA soit tres implique dans 
le controle de 1 "abscission des fruits. 

La position cle occupee par le FPP dans les 
15 voies de biosynthese des GAs et de 1 1 ABA d'une part et, 
d 1 autre part, la nature isoprenique des groupements 
substituants des CKs naturelles montrent toute 
1 1 importance de la MK dans la biosynthese de ces 
differents types de regulateurs de croissance. 
20 Ces voies sont resumees sur les diagrames des 

figures 1A et IB . 

Des pl antes dans les quel les ont ete integres des 
genes codant pour des enzymes intervenant dans la voie 
de biosynthese des phytosterols ont deja ete decrites . 
25 La demande Internationale WO-9 113 078 ( AMOCO ) 

decrit des plantes transgeniques portant dans leur 
genome des fragments d'ADN codant pour la geranyle- 
geranyle pyrophosphate synthase (GGPP) . 

Cette etape , dans la boie de biosynthese des 
30 carotenoides est situee en aval par rapport aux etapes 
precoces de la voie de biosynthese des sterols. 

Un compte-rendu de 1 r "Annual Meeting of the 
American Society of Plant Physiologists" ( Albuquerque, 
Nouveau Mexique, 28 Juillet - ler Aout 1991) , concerne 
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des plantes dans les que lies a ete integre un gene de 
hamster codant pour la 3-hydroxy-3-methylglutaryle co- 
enzyme A reductase (HMGR) - 

On not era que cette etape est en amont de 
5 1 1 etape de transformation de 1 ' acide mevalonique , dans 
laquelle la HMGR n'intervient pas. 

Des genes de nature differente ont aussi deja 
ete inseres dans diverses plantes au moyen 
principalement de derives de plasmides Ti . Cette 
10 technique qui a notamment ete decrite par KLEE et al . ( 
Ann. Rev. , Plant Physiol 38, 1987, 467-486) , permet 
1 ' introduction d'un nombre limite de genes en une seule 
operation . 

Neanmoins, cette methode tres recente reste 
15 inapplicable pour differentes especes ou varietes, en 
particulier les graminees . 

En outre , meme si l f insertion du gene est 
rendue possible , il est necessaire qu • il soit exprime 
afin de produire ses effets dans les cellules 
20 vegetales. Ces techniques bien qu'evoluant rapidement, 
ne permettent pas d'introduire n'importe quel gene dans 
n'importe quelle cellule et de nombreux echecs 
d ' expression de genes etrangers a la plante ont ete 
enregistres par diverses equipes . 
25 Outre les problemes d 1 insertion des genes et la 

fabrication d ' un vecteur adequat , on peut etre 
conf ronte a des problemes d 1 expression des genes 
transferes dans les cellules vegetales aboutissant a 
une absence d' expression ou une tres faible expression 
3 0 et a une activite inexistante du produit du gene 
recherche. Ces problemes d 1 expression peuvent etre dus 
notamment a l'incapacite du promoteur , qui est un des 
facteurs intervenant dans la regulation de l 1 expression 
du gene , a induire la synthese d'ARN messager. 
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II peut aussi s'agir d'une incapacite cie la 
plante a modifier de maniere adequate le produit de 
traduction de l'ARN messager . 

Un autre probleme reside dans les difficultes 
5 rencontrees dans la regeneration de certaines especes 
ou varietes ou meme dans 1 1 impossibili te a effectuer 
une telle operation . Certaines especes de legumineuses 
et de graminees sont recalci trantes a la regeneration 
par des methodes classiques . 
10 Ainsi , 1* analyse de l'etat de la technique met 

en evidence que , malgre les resultats interessants 
obtenus ces dernieres annees dans le domaine de la 
biologie moleculaire vegetale , de nombreux obstacles 
s'opposent au transfert de genes et a 1" expression de 
15 ces genes dans des especes ou des varietes specifiques 
de plantes presentant des interets agronomiques 

La demanderesse s'est done attachee a trouver 
des moyens permettant d'inserer dans des plantes 
d'interet agronomique des genes codant pour les enzymes 
20 des etapes precoces des voies de la biosynthese des 
phytosterols et permettant 1 'expression desdits genes 
dans les plantes. 

La demanderesse s'est d' autre part attachee a 
mettre au point un procede permettant de modifier 
25 l'equilibre hormonal endogene des plantes afin 
d'ameliorer la capacite de regeneration des especes 
difficiles a regenerer . 

La demanderesse a ainsi montre d'une maniere 
surprenante qu'il est possible d'inserer de maniere 
30 stable dans le genome de ces plantes , des genes codant 
pour les voies de biosynthese des phytosterols , et que 
les plantes ainsi obtenues presentent de nombreux 
avantages, tels qu 1 un developpement plus important, 
une productivity amelioree et une amelioration de leur 



WO 93/16187 



7 



PCT/FR93/00134 



capacite a regenerer . 

La presente invention a done pour objet une 
plante caracterisee en ce qu'elle porte dans son genome 
un ou plusieurs genes codant pour une ou plusieurs 
5 enzymes des etapes precoces de la voie de biosynthese 
des phytosterols , lesdits genes soit ne se retrouvant 
pas dans la plante native , soit etant originaires de 
ladite plante , auquel cas ils sont presents en un 
nombre de copies superieur a celui de la plante native 

10 ou ils sont modifies dans leur structure ou leur 
fonction par rapport a ceux de la plante native . 

On entend, dans la presente demande , par 
etapes precoces de la voie de biosynthese des 
phytosterols , la chaine de reaction biochimique par 

15 laquelle 1 1 acide mevalonique est, comme indique sur les 
figures 1A et IB, transforme en farnesyl diphosphate. 

Avantageusement , 1 1 etape pour laquelle codent 
ce ou ces genes est la transformation de 1' acide 
mevalonique en mevalonyl 5-phosphate . Dans ce cas, la 

20 plante peut porter et/ou exprimer un ou plusieurs genes 
codant pour une ou plusieurs mevalonate kinases ( MK) , 
et en particulier le gene ERG 12 , ou l'un de ses 
derives ou fragments exprimant une activite mevalonate 
kinase . Ce gene a ete isole chez la levure par 

25 Oulmouden et Karst ( Gene , 88, 25 3-257, 1990 ) et 
sequence par les memes auteurs ( Curr Genet , 19, 9-14, 
1991) . 

II peut notamment s'agir de genes codant pour 
1* activite mevalonate kinase chez les cruciferes et en 
30 particulier chez Arabidopsis ou chez le colza. 

Lesdites plantes peuvent porter aussi un ou 
plusieurs genes codant pour une farnesyl diphosphate 
synthetase, tels que le gene ERG 20 de levure (Chambon 
et al . , Curr . Genet , 18 , 41, 199 0 ) ou 1 1 un de ses 



WO 93/16187 



8 



PCT7FR93/00134 



derives ou fragments exprimant une activite farnesyl 
diphosphate synthetase . 

Elles peuvent egalement porter un ou plusieurs 
genes codant pour une AMVP kinase ( mevalonyl 5-P- 
5 kinase), tels que le gene ERG 8 ( Tsay et al . , Mol . 
Cell. Biol., 11, n*2, 620, 1991) ou 1 1 un de ses derives 
ou fragments exprimant une activite AMVP-kinase. 

Les etapes des voies de biosynthese dans 
lesquelles interviennent la farnesyl diphosphate 

10 synthetase et 1 ' AMVP-kinase sont respectivement , comme 
indique sur la figure IB , les etapes de trans formation 
du dimethylallyl pyrophosphate (DMAPP) en farnesyl 
pyrophosphate (FPP) et de transformation du mevalonyl 
5-phosphate (AMVP) en mevalonyl 5-pyrophosphate 

15 (AMVPP) . 

Le ou les genes peuvent avoir ete obtenus par 
clonage a partir d'ADN extrait d'organismes ou de virus 
vivants ou de toute autre matiere biologique , ou 
peuvent avoir ete synthetises. 

20 Lesdites plantes, portant ces genes codant pour 

un ou plusieurs enzymes des etapes precoces de la voie 
de biosynthese des phytos terols , sont avantageusement 
des plantes appartenant a la categorie des plantes 
oleoproteagineuses , et en particulier de la famille 

25 des cruciferes telle que 1 ' espece colza ou de la 
famille des Fabacees telle que 1 ' espece soja . 

Ladite plante peut aussi etre une plante des 
especes tournesol , aubergine ( Solanum melongena var . ) 
ou Vigna radiata. 

30 De maniere avantageuse, le ou les genes sont 

places sous le controle d ' un promoteur insere a 
proximite du ou des genes, de maniere a permettre 
1' expression de leurs produits biologiquement actifs . 

La presente invention a d' autre part pour objet 
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un vecteur pour 1 1 insertion d'au moins un gene precite 
dans des cellules vegetales, caracterise en ce qu'il 
comprend : 

- la sequence du gene a inserer , 

5 - une ou plusieurs sequences du type promoteur 

en amont du gene a inserer , 

- une ou plusieurs sequences du type terminateur 
en aval du gene a inserer , 

un ou plusieurs marqueurs permettant la 
10 selection des cellules vegetales dans lequel le gene 
s'est insere, et 

- des sequences d 1 un plasmide Ti permettant le 
trans f ert desdits genes et marqueurs d ' une bacterie 
vers une cellule vegetale , lesdits genes et marqueurs 

15 etant orientes et inseres de maniere a permettre leur 
expression* 

Pref erentiellement , le gene a inserer code pour 
une ou plusieurs enzymes des etapes precoces de la voie 
de biosynthese des phytosterols . Ce peut-etre un gene 

20 codant pour la mevalonate kinase et en particulier le 
gene ERG12 , precedemment cite . 

Les marqueurs permettant la selection des 
cellules dans lesquelles le ou les genes se sont 
inseres peuvent etre toute activite enzymatique 

25 permettant la selection directe ou indirecte des 
cellules dans lesquelles il y a eu insertion, et en 
particulier des marqueurs de resistance a des 
antibiotiques tels que le marqueur de resistance a la 
kanamycine chez les vegetaux , ou des marqueurs dont 

30 1' activite enzymatique est utilisee pour colorer les 
cellules vegetales tels que le gene lacZ. 

Un tel vecteur d 1 insertion est notamment , le 
plasmide pFAB2 portant le gene ERG12 depose sous le 
n" 1-1176 du 14 Fevrier 1992 aupres de la Collection 
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Nationale de Culture des Microorganismes . 

Un vecteur peut etre aussi un derive de ce 
plasmide et dans lequel le gene ERG12 a ete remplace 
par un autre gene codant pour une ou plusieurs des 

5 enzymes de la voie de biosynthese des sterols . 

Un autre objet de la presente invention est un 
procede de traitement des plantes destine a ameliorer 
leur productivity , et en particulier leur performance 
de croissance ou leur precocite de floraison , par 

0 insertion dans leur genome d 1 un ou plusieurs genes 

codant pour une ou plusieurs enzymes des etapes 
precoces de la voie de synthese des phytosterols . 

L 1 insertion du ou des genes est 

pref erentiellement effectuee par transfert dans des 

5 cellules individualisees ou dans des groupes de 
cellules d'un vecteur tel que decrit precedemment , 
eventuellement en presence d'un autre vecteur de type 
plasmide Ti ayant des fonctions permettant ce 
transfert. 

0 Pref erentiellement , de tels vecteurs seront 

dans des souches d ' Agrobacterium . 

Le transfert peut aussi etre effectue , en 
absence de vecteurs ayant de telles fonctions , par une 
technique physique appropriee telle que 

5 1 1 electroporation . 

Le transfert du vecteur a partir d ' Agrobacterium 
tumefasciens dans des cellules vegetales est effectue 
par toute methode connue en soi par 1 ' honune du metier 
et avantageusement par inoculation de disques 

0 f oliaires . 

Les cellules ainsi inoculees sont alors 
selectionnees pour la presence des vecteurs et les 
plantes sont regenerees par les methodes connues en soi 
et notamment decrites dans "Plant molecular physiology 
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manual " ( Gelvin et Schilperdort , Kluwers Academic 
Publishers , 1988 ) . Selon la presente invention, on a 
obtenu de bons resultats en transferant le gene ERG12 
de levure par le systeme Agrobacterium . 
5 La presente invention est illustree par les 

exemples qui suivent avec reference aux dessins annexes 
, dans lesquels : 

- Les figures 1A et IB , de ja citees , sont des 
diagrammes illustratifs de donnees connues ; 

10 - la figure 2 est un diagrame resumant le 

procede d' obtention du plasmide pFAB2 portant le gene 
ERG 12 . 

la figure 3 est une carte de restriction 
partielle du fragment BamHI- BamH-I de 2,8 kilobases 
15 (kb) contenant le gene ERG12 . 

les figures 4 et 5 sont des cartes de 
restriction respect ivement des plasmides et pLBR19 et 
pFL44 . 

- la figure 6 resume 1 1 obtention du plasmide 
20 pFABl a partir du plasmide pLBR19 par insertion du 

fragment BamH I-BamHI contenant le gene ERG12 . 

la figure 7 est la photographie d 1 un gel 
d ' electrophorese des produits d'hydrolyse de pAOll par 
BamH-1 (piste 1 ) , de pFABl par BamHI (piste 2), de 

25 pLBR19 par Smal (piste 3 ) , de pLBR19 par Pstl ( piste 
4) , de pAOll par Pstl et Smal ( piste 5) et de l'ADN 
temoin du bacteriophage lambda hydrolyse par Hind-III . 
Les deux f leches a gauche de la photographie , 
correspondent respectivement aux positions des bandes 

3 0 de 1,8 kb et 0,8 kb . 

- la figure 8 represente le carte du plasmide 

pBinl9 . 

la figure 9 represente 1' obtention du 
plasmide pFAB2 a partir des plasmides pBin!9 et pFABl. 
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- la figure lo est une photographie d'un gel 
d 1 electrophorese colore par du bromure d'ethidium et 
revele sous rayons ultraviolets d'ADN du bacteriophage 
lambda hydrolyse par Hind III ( piste 1 ) , et des 

5 produits d' hydrolyse de pFABl par BamHl ( piste 2), de 
pFAB2 par BamHl (piste 3 ) , de pBinl9 par Sail ( piste 
4), de pBinl9 par SacI (piste 5), et de pFABl par Xhol 
et Sacl ( piste 6). Les fleches a droite de la 
photographie indiquent les positions res pec tives des 
10 bandes de taille 1,8 kb et 0,8 kb . 

- les figures 11 et 12 correspondent a des 
diagrammes en chromatographic sur couche mince de gel 
de silice, de surnageants de cul ture de la souche 
d f Escherichia coli 71/18 portant respecti vement les 

15 plasmides pFL44 (figure 11A) , pAOll ( figure 11B) et 
pFABl ( figure 11C) et de la souche d'Agrobacterium 
tumefasciens LBA4404 portant respecti vement les 
plasmides pBinl9 (figure 12A) et pFAB2 (figure 12B) . 
Les abreviations AMV et AMVP sur les figures , 

20 correspondent respectivement a la position des pics de 
I'acide mevalonique et au mevalonyl 5 P. 

- la figure 13 correspond a un autoradiogramme 
d'un Southern blot dont 1 1 hybridation a ete effectuee 
par une sonde portant le gene ERG12 . Les pistes 1, 2 et 

25 3 correspondent respectivement aux plasmides pAOll ( 
temoin positif ), a l'ADN total extrait d * une plante " 
temoin H 2 0" , et a l'ADN total extrait d 1 une plante 
transformee . 

- la figure 14 est la sequence partielle du gene 
30 ERG12, les localisations des oligonucleotides ON^ et 

ON 2 et du site de restriction BamHl etant indiquees sur 
cette figure . 

- la figure 15 est un gel d ' electrophorese de 
produits de reaction d 1 amplification par la technique 
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PCR . Les pistes 1 a 6 correspondent a 1 1 amplification 
a partir d'ADN total extrait de tabacs transformes , la 
piste 7 correspond a 1 ' amplification a partir de l'ADN 
genomique de levure , la piste 8 correspond a 
5 1 ' amplification avec l'amorce ONI seule , la piste 9 
correspond a 1 1 amplification avec l'amorce ON2 seule , 
la piste 10 correspond a 1 ' amplification a partir de 
l'ADN total extrait d'un tabac " temoin H 2 0" , la piste 
11 correspond a un temoin de non-contamination ( eau 

10 sterile) et la piste 12 correspond au plasmide 
pBlueScript hydrolyse par Hpall (marqueur de poids 
moleculaire ). La taille des bandes d' hydrolyse du 
marqueur est indiquee a droite de la photographie . 

- La figure 16 est une photographie d 1 un gel 

15 d ' agarose apres amplification par la technique PCR et 
hydrolyse par BamHl respectivement d ' ADN total extrait 
d'une plante trans formee ( piste 1 ) et d'ADN genomique 
de levure (piste 2 ) . La piste non marquee a gauche de 
la piste 1 est de l'ADN du plasmide pBluescript 

20 hydrolyse par Hpall . 
EXEMPLES 

Materiel et methodes utilises dans les exemples * 
I . Techniques de biologie moleculaire. 
1 . Materiel biologique 
25 1.1- Souches bacteriennes . 

Les souches bacteriennes utilisees soit comme 
source de vecteur, soit conune souche hote des plasmides 
recombinants , derivent d 1 Escherichia coli K12 . La 
souche HblOl (BOYER et ROULLAND-DUSSOIX - J. Mol . Biol. 
30 41, 1969, 469-472 ) , resistante a la s treptomycine a 
ete fournie par le Laboratoire de biologie de la 
rhizosphere de l'Institut National de la Recherche 
Agronomique ( INRA ) de Versailles et la souche 71/18 
(MESSING et al . Proc . Natl . Acad . Sci . USA, 74 , 
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1977,3642-3646 ) par le Laboratoire de Biochimie et 
Genetique des Microorganismes de l'Universite de 
Poitiers . 

La souche HB101 utilisee pour la mobilisation du 
5 vecteur de transfert vers A . tumefasciens contient le 
plasmide pRK2013 qui apporte les resistances a la 
kanamycine et a la streptomycine (BEVAN, Nucleic Acids 
Research ,12, 8711-8721 1984 ). 

La souche d'A. tumefasciens provient egalement 
10 du Laboratoire de Biologie de la Rhizosphere de 
l'Institut National de la Recherche Agronomique ( INRA ) 
de Versailles . II s'agit de la souche LBA4404 ( HOEKMA 
et al., Nature , 303,179-180 1983), resistante a la 
streptomycine et a la rifampicine. Elle derive de la 
15 souche Ach5 et possede un plasmide Ti delete de la 
region T. Elle contient en plus le vecteur binaire de 
transfert Bin 19 (BEVAN, 1984, precedemment cite ) . 

Les souches d'E. coli sont cultivees a 37*C et 
A. tumefasciens est cultive a 28*C. 
20 1.2. Les plasmides . 

Trois plasmides ont ete utilises pour la 
construction du vecteur de transfert . lis sont decrits 
ci-dessous : 

Plasmide pAOll : obtenu par clonage d 1 un 
25 fragment BamH I-BamH I de 2,8 kb contenant le gene 
ERG 12 de levure, dans le plasmide pFL44 

- Plasmide pLBR19 : il presente 1 ' avantage de 
posseder de nombreux sites uniques de restriction 
inseres entre les sequences promoteur et terminateur de 

30 l'ARN 35S du virus de la mosaique du chou-fleur . Ce 
plasmide comporte egalement un gene de resistance a 
1 1 ampicilline * II a ete fourni par le Laboratoire de 
Biologie de la rhizosphere de 1 1 INRA de Versailles. 

- Plasmide pBinl9 : ce vecteur autonome, capable 
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de se repliquer dans E.coli et dans A.tumefasciens, 
derive du plasmide pRK25 2 modi fie par insertion d • un 
gene de resistance a la kanamycine provenant de 
Streptococcus faecalis ( BEVAN, 1984, precedemment 
5 cite) . II comporte les sequences bordures droite et 
gauche de 1 " ADN-T du plasmide pTi37 . 

Ont ete inseres entre ces deux sequences : 

(1) un fragment d'ADN de 440 pb provenant du 
phage M13 et qui contient la region de complementation 

10 de la /3-galactosidase (Lac Z) dans laquelle a ete 
inseree une sequence qui porte plusieurs sites de 
clonage . 

(2) un gene chimerique conferant une resistance 
a la kanamycine chez les vegetaux, construit par 

15 insertion de la region codante d 1 une aminoglycoside 
transferase de type II (provenant de Tn5) entre les 
sequences regulatrices du gene de la nopaline 
synthetase . 

Toute sequence d'ADN inseree au niveau du site 
20 de clonage multiple, compris dans la region delimitee 
par les sequences bordures droite et gauche de 1* ADN-T, 
peut done etre transferee et integree dans le genome 
d'une plante, le trans fert etant induit , a distance , 
par les fonctions de virulence portees par un plasmide 
25 Ti heberge par la meme souche d* A.tumefasciens . Le 
systeme de selection est assure par la co-integration 
du gene de resistance a la kanamycine. 

Les plasmides pAOll et pFL44 ont ete fournis par 
le Laboratoire de Biochimie et de Genetique des 
30 Microorganismes de I'Universite de Poitiers , tandis 
que le plasmide pLBR19 a ete fourni par le Laboratoire 
de Biologie de la Rhizosphere de l'Institut National de 
la Recherche Agronomique ( INRA ) de Versailles . 
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2. Milieux de culture. 

- Milieu L. Broth , utilise pour la culture des 
souches d'E.coli : 

- Tryptone (Biokar) lO g 
5 - Extrait de levure (Biokar) 5 g 

- NaCl 5 g 

- Eau distillee 11 

Le pH du milieu est amene a 7 avant 
sterilisation (120*C pendant 20 min) . Ce milieu est 
10 utilise liquide ou solidifie par de 1 1 agar a 20 g/1 . 

La gelose molle L. Broth utilisee dans les experiences 
de transformation est obtenue par addition d 1 agar a la 
concentration de 8 g/1 . 

Milieu AP , utilise pour la cul ture des 
15 agrobacteries : 

- Extrait de levure (Biokar) 5 g 

- Hydrolysat de caseine ( Sigma) 0,5 g 

- Mannitol 8 g 

- (NH 4 ) 2 S0 4 2 g 
2 0 - NaCl 5 g 

- Eau distillee 1 litre 
Le pH du milieu est amene a 6,6 avant 

sterilisation (115*C pendant 20 min). Ce milieu est 
utilise liquide ou solidifie par de 1 ' agar a la 
25 concentration de 15 g/1 . 

Les antibiotiques sont utilises aux 

concentrations suivantes (mg.l" 1 ): 
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E. coli 


A . tumefasciens 


ampicilline 


100 




kanamycine 


50 


SO 


rif ampicine 




SO 


streptomycine 




500 



Des stocks concentres de chaque antibiotique 
sont conserves a -20* C . L ' antibiotique est rajoute au 
milieu fondu, refroidi a 50"C, au moment de couler les 
10 boites . 

3- Preparation et transformation de cellules 
competentes d ' E . coli . 

3.1 - Preparation des cellules competentes. 

Une preculture d'une nuit de la souche d'E.coli 
15 est realisee en milieu LB a partir d'une colonie isolee 
sur boite. 500 ml de milieu LB sont inocules avec 4 ml 
de cette preculture . Lorsque la densite optique a 600 
run atteint la valeur de 0,2, la culture est placee 15 a 
20 min dans la glace puis centrifugee 10 min a 6000 rpm 
20 ( rotor Kontron A8.24) a 4*C. Le culot est mis en 

suspension dans 200 ml de CaCl 2 lOO mM. Le culot est 
repris dans 5 ml de CaCl 2 lOO mM et place dans la glace 
durant une nuit. 

Les bacteries competentes ainsi obtenues sont 
25 stockees en fractions de 1 ml en presence de glycerol a 
30%. Elles peuvent ainsi se conserver plusieurs mois a 
-80" C . 

3.2.- Trans formation . 

Les cellules competentes sont decongelees ; 200 
30 ml de suspension sont mis en presence de 0,1 a 1 ^g 
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d 1 ADN pendant 30 min dans la glace . Le melange est 
ensuite soumis a un choc thermique par passage de 2 min 
a 42 *C. Apres addition de 1 ml de LB liquide, le 
melange est incube pendant une heure a 37 "C. L'ensemble 
5 du milieu de transformation est melange a 3 ml de 

gelose molle maintenue a 45 'C puis etale sur milieu 
selectif (milieu LB contenant les antibiotiques 

appropries ) . Les clones resistants sont subclones et 
identifies • 

10 3.3- Identification des colonies bacteriennes 

contenant les plasmides recombinants . 

On realise des minipreparations d ■ ADN 
plasmidique a partir d 1 un certain nombre de clones 
transformes . L'ADN de chaque clone est digere par les 

15 enzymes de restriction appropriees . Les fragments 
obtenus sont analyses par elec trophorese sur gel 
d'agarose, par rapport a un vecteur temoin. Ceci permet 
d' identifier les clones bacteriens qui contiennent le 
plasmide recombinant . 

20 4. Mobilisation E.coli - A. tumef asciens par 

con jugaison triparentale . 

Le vecteur de transfert dans lequel est insere 
le gene chimerique (plasmide Binl9) n'est pas 
directement transferable de E.coli a A . tumef asciens 

25 mais peut etre mobilise si les fonctions de transfert 
et de mobilisation sont apportees par un plasmide dit 
"mobilisateur " . II s'agit ici du plasmide pRK2013. Ce 
plasmide porte les fonctions de transfert du plasmide 
RK2 , le gene mob du plasmide ColEl et l'origine de 

30 replication de ce meme plasmide qui ne lui permet pas 

de se repliquer dans A . tumef asciens . 

Les conjugaisons triparentales mettant en 
presence la souche d'E.coli donatrice, la souche 
d 'A. tumef asciens receptrice et la souche d'E.coli 
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possedant le plasmide pRK20l3, sont realisees. 

Chaque souche est cultivee dans 5 ml du milieu 
de culture adequat contenant les antibiotiques 
appropries, pendant une nuit . Les cultures sont 
5 centrifugees 5 min a 6000 rpm (Kontron A8.24) a 4*C . 
Les culots sont remis en suspension dans du milieu sans 
antibiotique puis centrifuges a nouveau . Chaque culot 
est finalement repris par 5 ml de milieu de culture. 

On depose ensuite 1 ml de chacune des 
10 suspensions sur un filtre de porosite 0,45 jum 
(Millipore, type HA) . Le filtre est place sur milieu AP 
gelose sans antibiotique dans une boite de Petri de 
diametre 55 mm et incube une nuit a 28 "C. 

Les bacteries sont recuperees sur le filtre et 
15 remises en suspension dans 0,5 ml de milieu AP . Des 
dilutions de cette suspension sont effectuees et ISO a 
200 ]ul de chaque dilution sont etales sur milieu AP 
selectif . Les boites sont placees a 28'C . Au bout de 
3 a 5 jours , les clones apparaissent . 
20 5- Extraction des acides nucleiques . 

5.1 - Extraction de plasmides d'E.coli 
a- minipreparation. 

Le protocol e suivant a donne les meilleurs 
resultats, de fagon reproductible. 

25 1/5 ml de milieu LB contenant les antibiotiques 

appropries sont ensemences a partir d ' une colonie dans 
un tube a essai. Le tube est ensuite place a 37 'c, sous 
agitation f durant une nuit. La culture est transferee 
dans un tube Eppendorf et centrif ugee . Le culot est 

30 repris par 150^/1 de STETL ( saccharose 8% , Triton XlOO 
5%, EDTA 50 mM, Tris 50 mM pH8 , Lysozyme 0,5 mg/1). Le 
melange est place dans un bain-marie bouillant pendant 
1 min, puis centrifuge 15 min. L'ADN chromosomique 
denature , les proteines et les debris cellulaires 
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constituent un culot qui est elimine. L'ADN du 
surnageant est precipite par addition de 150 jjI 
d 1 isopropanol pendant 15 min a -20*C. Apres 
centri f ugation , le culot est seche puis repris par 
5 120pl de TE 10/1 (Tris lOmM, EDTA ImM pH 7,5). Deux 

extractions au phenol-chlorof orme (3v:lv) sont 
effectuees . L'ADN contenu dans la phase aqueuse est 
precipite par addition d 1 un dixieme de volume d' acetate 
de sodium 3M et de deux volumes d'ethanol absolu. Apres 
10 lavage a 1 'ethanol 80% , le culot est seche puis repris 

par 20 vl de TE 10/1. 5 a lO ful de 1 ' ADN prepare sont 
suf f is ants pour une analyse eventuel le , la quant ite 
d'ADN pouvant varier en fonction de la taille du 
plasmide et de la souche bacterienne. 
15 b- maxipreparation . 

Apres amplification au chloramphenicol 

(MANIATIS-Molecular Cloning - A Laboratory Manual Cold 
Harbor Laboratory, Cold Spring Harbor , New York, 1982), 
une culture bacterienne realisee dans un litre de 
20 milieu LB liquide contenant les antibiotiques 
appropries est centrifugee a 6000 rpm pendant 10 min 
(rotor Kontron A6.14), a 4*C. Les cellules recoltees 
sont lavees dans du TE 10/1 pH 8 . Le culot est repris 
par 11,4 ml de TE 200/100 (Tris 200 mM , EDTA lOO mM pH 
25 8) additionne de 0,6 ml de lysozyme a 20 mg.ml. Le 

melange est laisse a temperature ambiante pendant 10 
min. 4 ml de TE 2O0/100 pH 8 contenant 6% ( p/v) de 
sarkosyl sont ajoutes et le tube est soumis a une 
agitation douce pendant 10 min a temperature ambiante. 
30 Les debris cellulaires sont elimines par centr i f ugation 
a 12000 rpm pendant 30 min. Pour 7,6 ml de lysat 
recupere, on ajoute 8 g de chlorure de cesium (CsCl) et 
1 ml de bromure d'ethidium (BET) a 10 mg/ml . Une 
ultracentrif ugation est ensuite realisee pendant 36 
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heures a 42000 rpm ( rotor Beckman 50 Ti ) , a 20 'C . A 
1 1 issue de cette centrif ugation, les tubes sont 
eclaires en lumiere UV (366 run). Deux bandes 
f luorescentes sont observees : 
5 - une bande superieure constitute d'ADN 

chromosomique et d ' ADN plasmidique ouvert , 

- une bande inferieure constitute d'ADN 
plasmidique ferme ( superenroule ) . 

La bande inferieure est recuperee soit a 1 1 aide 

10 d'une seringue munie d'une aiguille, soit a 1 1 aide 
d 1 une pompe peris taltique munie d 1 un catheter . Le BET 
est extrait avec de l'isobutanol sature en TE lO/l pH 
7,5. Une dialyse est ensuite real i see contre du TE 10/ 1 
pH 7,5 pendant environ 24 heures . Finalement, 1 'ADN 

15 plasmidique est precipite par addition d 1 un dixieme de 
volume d* acetate de sodium 3M et de deux volumes 
d'ethanol absolu. La concentration de la solution est 
estimee par spectrophotometrie . 

5.2 - Extraction de l'ADN vegetal total. 

20 La methode employee est decrite par ROGERS et 

BENDICH ( Plant Mol. Biol. 5,1985, 69-76). Elle est 
basee sur 1 'utilisation de bromure de 

cetyltrimethylammonium ( CTAB ) . Cette technique permet 
d ' obtenir , chez le tabac , environ 20 pg d ' ADN en 

25 partant de SOO mg de feuilles . 

SOO mg de feuilles jeunes sont broyees dans un 
mortier avec de 1 1 azote liquide . Le broyat est 
trans fere dans un tube Eppendorf . Un volume de 2 X 
CTAB a 65 # C [ CTAB 2% (p/v), Tris 100 mM pH 8, EDTA 20 

30 mM pH 8, NaCl 1,4 M, PVP 1% (p/v) ] est ajoute au 
broyat . Le melange est incube 5 min a 65*C et regoit 
ensuite un volume de chlorof orme-alcool isoamylique (24 
v : lv) . Apres homogeneisation et centrifuga- tion 5 
min a HOOO rpm, la phase superieure est recuperee et 
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transferee dans un nouveau tube . On ajoute alors un 
dixieme de volume de CTAB 10% a 65*C [CTAB 10% (p/v), 
NaCl 0,7 M ] , on homogeneise et on centrifuge de 
nouveau. La phase superieure est recuperee et 
5 additionnee d'un volume de tampon CTAB de precipitation 

a 65'C [CTAB 1 % (p/v), Tris 50 mM pH 8, EDTA 10 mM pH 
8 ] . Apres homogeneisation et centrif ugation, le culot 
contenant les acides nucleiques est repris par 300 ful 
de TE high ( Tris 10 mM pH 8, EDTA 1 mM pH 8 , NaCl 1M) 

10 et maintenu a 65 *C pendant 10 min. L 1 ADN est precipite 
par addition de 600 ]j1 d'ethanol absolu a -20*C pendant 
une nuit. Le lendemain, le culot est lave dans 
l'ethanol a 80%, seche et repris par 20 jj! de 0,1 X TE 
( Tris 1 mM pH 8, EDTA 1 mM pH 8 ) . 

15 6. Digestion de 1 1 ADN par des endonucleases de 

restriction. 

Les enzymes de restriction sont utilisees 
conf ormement aux indications donnees par le fournisseur 
(GIBCO). La composition du tampon d f incubation est 

20 fonction de 1 1 enzyme utilisee de meme que la 

temperature d' incubation (pour la plupart des enzymes, 
cette temperature est de 37'C). 

Le nombre d'unites enzymatiques utilisees depend 
de I'ADN a digerer et de 1 1 enzyme utilisee . Des 

25 incubations de 1 a 2 heures avec 5 a 10 unites d 1 enzyme 
par jug d'ADN, pour 1 1 ADN plasmidique et d'une nuit, 
pour l'ADN genomique sont generalement conseillees 
Les ADNs obtenus par minipreparation sont traites par 
la RNase A preparee selon MANIATIS ( 1982 precedemment 

30 cite ) . Les digestions sont arretees par un passage de 
10 min a 65 " C . 

7. Electrophorese horizontale de 1 T ADN en gel 
d 1 agarose . 

On utilise des gels d 1 agarose dont la 
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concentration varie de 0,8 a 3 % ( p/v) , selon la 
taille des fragments a separer . L ' agarose ( Appligene, 
qualite biologie mole- culaire) est melange au volume 
requis de tampon TAE ( Tris -acetate 0,04 M, EDTA 0,002 
5 M pH 8) et porte a ebullition au four a microondes - II 
est refroidi jusqu'a 60'C avant d'etre coule dans la 
cuve d * electrophorese . 

Lorsque les digestions ont eu lieu dans un 
volume superieur a 20 pil f l'ADN est precipite et le 

10 culot, apres rin?age a l'ethanol 80% , est repris dans 
15 til de TE 10/1 pH 7,5 . Les echantillons sont 
additionnes d'un melange [ 50% glycerol, EDTA 0,1 M, 
Bleu de bromophenol 0,1 % , xylene cyanol 0,1% ] pour 
environ un cinquieme de leur volume . Ceci permet de 

15 suivre la migration. 

La migration s'effectue a 20"C de la cathode 
vers 1 ' anode , sous une tension constante de 2 a 10 
V/cm . La coloration des gels au BET ( 10 mg/ml ) est 
effectuee en mime temps que la migration. Le gel est 

20 observe et photographie sous lumiere UV ( 254 nm ) . Les 
masses moleculaires des fragments d'ADN sont estimees 
par comparaison avec les fragments de l'ADN du 
bacteriophage lambda digere par Hind III ( Boehringer) . 

8. Elution d'un fragment d'ADN d'un gel 

25 d ' agarose . 

Apres electrophorese, la purification de 
fragments d'ADN peut etre realisee en decoupant sous 
UV, la bande d' agarose contenant le fragment a 
purifier. Deux techniques d' elution ont ete utilisees. 

30 La premiere technique utilisee consiste en une 

electroelution de l'ADN a 1 ' aide d'un Biotrap ( 
commercialise par Schleicher et Schuell) . La bande 
interessante est placee dans le compartiment central du 
Biotrap rempli auparavant de tampon TAE. 
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L'electroelution se deroule sous une difference de 
potentiel de 150 V durant 1 a 2 heures et peut etre 
suivie en lumiere UV. Apres une inversion du courant de 
20 secondes , la solution d'ADN peut etre recuperee au 
5 niveau du reservoir delimite par deux membranes dont 
une retient l'ADN . Cette inversion du courant permet 
de liberer l'ADN retenu par la membrane . L ' ADN est 
ensuite precipite a -20*C pendant 30 min apres addition 
de 2 volumes d'ethanol absolu et d 1 un dixieme de volume 

10 d' acetate de sodium 3 M. Le precipite est recupere par 
centrif ugation a 12000 rpm pendant 15 min, rince avec 
de Methanol 80%. Le culot est ensuite seche et remis 
en suspension dans du TE 10/1 pH 7,5. 

La seconde technique utilisee est celle du 

15 "freeze-squeeze" ameliore ( TAUTZ et RENZ , Anal. 

Biochem. 132 , 14-19 ( 1983 )) . Les parties du gel renfermant 
les bandes interessantes sont decoupees et equilibrees 
pendant 30 min a 1 'obscurite a 4"C contre lo volumes de 
tampon TEN ( Tris lO mM pH 7,1, EDTA 1 mM, NaCl 0,3 M) . 

20 Chaque fragment de gel est alors transfere dans un tube 
Eppendorf perce au fond et obstrue par de la laine de 
verre siliconee . Ce tube est lui-meme introduit dans 
un autre tube Eppendorf . Le tout est congele a -80* C, 
puis centrifuge 15 min a 12000 rpm. L'ADN est ensuite 

25 precipite et traite comme precedemment . Cette 
technique est beaucoup plus rapide que la technique 
d 1 electroelution utilisant le Biotrap et permet 
d'obtenir un rendement superieur . 

9. Ligatures des fragments de restriction par 

30 1 1 ADN ligase T4 . 

Les ligatures sont realisees dans un volume 
final de 20 ^1 , a une temperature de 7 a 12 *C pendant 
toute la nuit a I'aide de 1 1 ADN ligase du bacteriophage 
T 4 (BRL) . La composition du tampon de ligation est la 
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suivante : 

- Tris HC1 50 mM pH 7,6 

- MgCl 2 10 mM 

- ATP 1 mM 
5 - DTT 1 mM 

- PEG-8000 5 % (p/v) 

Les quantites relatives de vecteur et de 
fragment a inserer sont calculees de fagon a avoir un 
exces de fragment a doner d 1 un facteur 2. L ' ef f icaci te 
10 de la ligature peut etre controlee par electrophorese 
en gel d' agarose . 

10. Trans fert d'ADN sur membrane de 
nitrocellulose . 

Apres electrophorese sur gel d' agarose, 1 1 ADN 
15 est transfere sur une membrane de nitrocellulose ( 

Hybond-C extra, Amersham) selon la technique decrite 
par SOUTHERN ( J. Mol. Biol. 98, 503-517, 1975 ). 

Apres migration, le gel est photographie sous 
lumiere UV ( 254 nm) puis baigne success ivement 1 heure 
20 dans un bain de denaturation (NaOH 0,5 M, NaCl 1,5 M) 
puis une heure dans un bain de neutralisation (Tris 0,5 
M, NaCl 1,5 M) . 

Le transfert s'effectue durant la nuit dans du 
lO X SSC prepare a partir d 1 une solution stock 20X SSC 
25 (NaCl 3 M, tricitrate de sodium 0,3 M pH 7 ) . 

L'ADN qui a ete transfere est fixe 
def initivement sur la membrane par sechage sous vide a 
80 *C pendant 2 heures . 

11. Marquage radioactif d 1 une sonde moleculaire 
30 par extension d 1 amorce au hasard ( " random priming" ). 

11 . 1- Principe 

Cette methode a ete developpee par FEINBERG et 
VOGELSTEIN ( Anal. Biochem. 132, 6, 1983; Anal. 
Biochem. 137, 266 , 1984 ) . Le marquage du fragment 
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choisi comme sonde est realise par amorgage au hasard 
suivi d'une extension a 1 ' aide du fragment de Klenow de 
1 ' ADN polymerase d 1 E . coli . 

L'ADN denature est incube dans un milieu 
5 contenant un melange d * hexanucleo tides , les quatre 
desoxynucleotides froids et du [gamma P ] dCTP . 

L f action du fragment de Klenow de l'ADN polymerase I 
conduit a la synthese d'une sonde radioactive dont 

Q 

l'activite specif ique se situe entre 2 et 5 10 cpm par 
10 /jg d 1 ADN . 

11.2 - Aspects pratiques, 

L'ADN a marquer ( 25 a lOO ng) est denature par 
la chaleur (100'C pendant 5 min ), le tube est ensuite 
place a 4'C . Le milieu reactionnel suivant est ajoute: 
15 - Mg Cl 2 1,2 mM 

- /3-mercaptoethanol 2 , 5 mM 

- Tris-HCl pH 8 1,2 mM 

- Hepes pH 6 , 6 50 mM 

- d NTP 10 mM 
20 - [ gamma- 32 P] d CTP lO mCi.ml" 1 50 ^Ci 

- Hexameres 0,3 UD0 260 ^ 

- Fragment de Klenow 4 U 

- BSA 0,4 mg.ml"" 1 

- Eau distillee q.s.p. 50 jjI 

25 L 1 ensemble est incube pendant environ 1 heure a 

37*C. La reaction est arretee par addition d 1 un 
dixieme de volume de d 1 EDTA 0,5 M. 

12 - Hybridation moleculaire et autoradiographic 
La membrane de nitrocellulose portant 1 1 ADN 
30 transfere et fixe est soumise a une etape de 

prehybridation a 68 *C pour une duree de 1 a 2 heures, 
dans environ 10 ml de la solution suivante : 

- 6X SSC 

- 5X Denharts prepare a partir d 1 une solution 
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100X: 

BSA 2% (p/v) 

Ficoll 2% (p/v) 

PVP 2% (p/v) 

5 - SDS 0,5 % (p/v) 

-0,1 mg.ml"* d'ADN , denature et soumis aux 
ultra-sons, de sperme de saumon. 

On ajoute ensuite a cette solution, la sonde 
auparavant marquee et denaturee par la chaleur 
10 L ' hybridation s'effectue a 68 "C pendant une nuit. La 
prehybridation et 1 1 hybridation sont realisees dans un 
sac de polyethylene hermetiquement soude. 

La membrane est ensuite lavee dans les bains 
suivants : 

15 - deux fois 15 min dans du 2X SSC a 65 *C 

- 30 min dans du 2X SSC; 0,1 % SDS a 65 *C. Cette 
derniere etape peut etre repetee si necessaire. 

Apres sechage, la membrane est enveloppee dans 
un film plastique etirable, puis placee dans une 
20 cassette d 1 auto-radiographie avec un film Kodak X-ray 
insere entre deux ecrans intensif icateurs . Cette 
cassette est alors mise a -80* C . La duree de 
1' exposition peut varier de quelques heures a une 
semaine selon I'intensite du signal. 
25 13. Reaction de polymerisation en chaine (PCR) 

13.1- Principe 

Le principe de la technique de PCR repose sur 
1 1 utilisation d'un couple d 1 amorces (" primers"), 
oligonucleotides de synthese qui delimitent la region a 
30 amplifier sur 1 1 ADN matriciel . L 1 un des deux 
oligonucleotides est complementaire d 1 une partie du 
brin sens, 1* autre oligonucleotide etant complementaire 
d'une partie du brin anti sens . Chaque cycle de PCR 
comprend trois etapes successives : 
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- denaturation de l'ADN 

- hybridation des amorces sur l r ADN matriciel 

elongation des chaines complementaires de 
l'ADN par la Taq ADN polymerase depuis les extremites 
5 3 1 OH . 

L'obtention d ' une quantite notable d 1 ADN 
amplifie necessite d'eff ectuer un nombre important de 
cycles ( entre 25 et 40) . L'efficacite de 

7 

1 ' amplification est de l'ordre de 10 , ce qui permet 

10 d'obtenir au bout de 30 cycles , environ Ijuq d 1 un 
fragment d'ADN de 300 pb , a partir d ' un pg d'ADN 
genomique . 

13.2 - Aspects pratiques 

a- Synthese des oligonucleotides 

15 La synthese chimique des deux oligonucleotides 

utilises est realisee sur I'appareil Gene Assembler 
Plus (Pharmacia LKB) . Cet appareil utilise des 

derives de nucleotides de type [3- 

cyanoethylphosphoramide . II permet la synthese de 0,2 

20 v mole d 1 oligonucleotides avec une efficacite de 
couplage superieure a 90% ne necessitant pas une 
purification ulterieure des oligonucleotides dans la 
mesure ou ils n'excedent pas une longueur de 30 bases, 
b - Reaction de PCR 

25 Les reactions de PCR sont realisees sur 

1 1 automate Gene ATAQ Controller ( Pharmacia LKB) 
Elles sont effectuees dans des volumes de 50 v± 
contenant : 

- 50 pmoles de chaque amorce 
30 - lpg d 1 ADN genomique 

- dATP, dCTP, dGTP , dTTP : 2 mM chacun 
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- tampon de PCR ( Pr omega) : 
Tris-HCl 10 mM pH 8,4 
KC1 50 mM 
MgCl 2 1/5 mM 

5 Gelatine 0,1 rng.ml" 1 

Triton X100 

- 1,25 U de Taq ADN polymerase ( Promega) 

L'ADN genomique est prealablement denature a 
lOO'C pendant 5 min en presence des amorces et de SO ^1 

10 d 1 huile mineral e pour eviter toute evaporation , puis 
place immediatement dans la glace . L 1 eau , les 
desoxynucleotides , le tampon de PCR et la Taq ADN 
polymerase sont deposes sur 1' huile . Une breve 
centrif ugation est necessaire pour permettre a ces 

15 derniers composants de traverser 1 ' huile . Apres une 
etape d' elongation a 72 *C, 30 cycles de PCR sont 
ef fectues , comprenant chacun : 

- une etape de denaturation de 30 sec a 94 *C 

une etape d 1 hybridation de 30 sec a la 

2 0 temperature choisie 

- une etape d' elongation de 2 min a 72"C. 

Les produits de PCR sont separes par 
electrophorese sur gel d 1 agarose . 

II. TECHNIQUES RELATIVES A LA BIOLOGIE VEGETALE 
25 1 - Milieux de culture 

1 . 1- Milieu de base . 

Le milieu de base est derive du milieu de 
MURASHIGE et SKOOG ( Physiol. Plant, 15, 473-497, 
1962). A partir de ce milieu , des modifications 

3 0 permettent d 1 obtenir un certain nombre de milieux aux 

proprietes differentes suivant 1 1 utilisation souhaitee. 
Sa composition est indiquee dans le tableau ci-dessous: 
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Composition du milieu de base 



Macroelements ( mg/1 ) 


Microelements ( mg/1 


) 


KNOn 


1900 


MnS0 4 4H 2 0 


22,3 


NH 4 N0 3 


1650 


ZnS0 4 7H 2 0 


8 , 6 


CaCl 2 2H 2 0 


440 


H3BO3 


6,2 


MgS0 4 7H 2 0 


370 


KI 


0,83 


KH 2 P0 4 


170 


Na 2 M0 4 2H 2 0 


0,25 






C0C1 2 6H 2 0 


0,025 






CuS0 4 5H 2 0 


0,025 






FeS0 4 7H 2 0 


27,85 






Na 2 EDTA 


37,25 


Vitamines ( mg/1 ) 


Inositol 


loo 


pyridoxine HC1 


0,5 


Thiamine HC1 


o,i 


acide nicotinique 


0.5 


Saccharose 20 g/1 



1.2 - milieu I - 

II s'agit du milieu de base contenant en plus de 
1' acide naphtalene acetique (ANA) a 0,2 mg/1 et de la 
20 benzylaminopurine (6-BAP) a 1 mg/1 . II est utilise 
pour la mise en culture des disques foliaires, apres 
inoculation par A . tumef asciens . 

1.3 - milieu II . 

Ce milieu correspond au milieu I additionne de 
25 cefotaxime a 200 mg/1 , antibiotique destine a bloquer 
la croissance des agrobacter ies , et de kanamycine a 50 
mg/1 . II permet le developpement et la selection de 
colonies cellulaires pouvant generer la formation de 
bourgeons puis de plantes trans formees . 
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1.4 - milieu III 

Ce milieu est obtenu par addition de kanamycine 
(50 mg/1 ) au milieu de base . C'est un milieu de 
repiquage , ou 1 * absence de regulateurs de croissance 
5 permet d 1 induire le developpement de racines a partir 
des plantules regenerees sur milieu II. 

1.5 - milieu IV . 

II s'agit du milieu II comportant, comme seul 
antibiotique , de la kanamycine ( 50 mg.l" 1 ) . II est 
10 utilise pour les tests de resistance a la kanamycine 
sur fragments de feuilles . 

Tous les milieux deer its ici sont des milieux 
solides qui contiennent 0,7 % d 1 agar ( qualite " plant 
tissue culture " , commercialise par SIGMA ) . Le pH est 
15 ajuste a 5,7 avant sterilisation (115*C pendant 20 
min) . 

2 . Materiel vegetal 

2-1 - Choix du materiel vegetal 

Le choix du tabac ( Nicotiana tabacum cv 
20 Paraguay Bell) en tant que source d 1 explants 
utilisables dans nos experiences de trans formation a 
ete guide par un souci de facilite technique , la 
notoriete de I'espece , en matiere de culture in vitro, 
n'etant plus a etablir . II s'agit d'une variete 
25 tetxaploide . 

2-2 - Desinfection des feuilles 

Les feuilles destinees aux experiences 
d 1 inoculation sont prelevees sur des plants de tabac 
cul tives en condition non aseptiques . Une desinfection 
30 prealable est done indispensable . Ceci est realise en 
immergeant les feuilles dans une solution 
d ' hypochlorite de calcium a 1 % pendant 20 min. Trois 
ringages a l'eau distillee sterile sont ensuite 
effectues . 
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3 - Technique d 1 inoculati on de disques 
f oliaires . 

3.1- Choix et principe de la technique. 
Le principe de cette technique est simple : des 
5 fragments de feuilles sont mis en contact avec les 
agrobacteries puis transferes sur un milieu induisant 
la formation de bourgeons et contenant 1 1 agent 
selectif. En differents points du bord des fragments, 
apparaissent des bourgeons dont l'isolement est aise. 

10 Pour obtenir des plantes resultant d ' evenements de 
transformation independants , il est necessaire 
d'isoler des bourgeons de fragments differents ou de 
centres de regeneration eloignes sur un meme fragment . 
Compare e a la technique de co-culture de pro topi as tes , 

15 cette methode presente 1 1 avantage de reduire la phase 
de croissance du tissu indi f f erencie . Ainsi , on peut 
reduire 1' apparition d 1 aberrations genetiques induites 
par la culture in vitro . De plus , grace a cette 
technique, la regeneration de plantes est plus rapide 

20 et les fragments foliaires sont en outre beaucoup moins 
delicats a manipuler que les protoplas tes . 
3.2 - Aspects pratiques. 

Apres disinfection des feuilles, la nervure 
principale, les nervures laterales importantes ainsi 

25 que les bords des limbes sont elimines . Les feuilles 
sont ensuite decoupees en fragments d' environ 1 cm 2 . 
Les fragments sont deposes , face inferieure vers le 
haut, a la surface d ' une suspension d 1 agrobacteries 
obtenue par dilution au dixieme d 1 une culture de la 

30 nuit auparavant lavee dans de 1 ' eau distillee sterile . 

Des temoins de non inoculation sont realises en 
incubant des fragments foliaires dans de 1 'eau 
distillee sterile . 

Apres 15 minutes d 1 incubation, les fragments 
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sont egouttes sur du papier filtre sterile et 
transferes , a raison de 5 fragments par boite de Petri 
de 90 cm de diametre, sur milieu I. 

Au bout de 48 heures , les fragments sont 
5 pre 1 eves pour etre trans feres sur milieu II. Des 
repiquages sur ce meme milieu sont ensuite effectues de 
fagon reguliere ( toutes les trois semaines ) afin de 
maintenir 1 ■ ef f icacite de 1 ' agent selectif . 

4- Preparation d ' echantillons en vue 
10 d 1 observations en microscopie photonique et 
electronique . 

Des fragments d 1 environ 1 mm sur 2 mm sont 
preleves a des niveaux comparables , sur des feuilles 
de meme rang . Ces echantillons sont fixes , post- fixes 
15 et deshydrates selon le procede decrit precedemment 
(materiel et methodes , premiere partie ) . Les 
inclusions sont realisees dans un melange EPON- 
ARALDITE. 

Les coupes semi -fines , destinees aux 
2 0 observations en microscopie photonique , sont color ees 
au bleu de toluidine. Les coupes ultrafines, destinees 
aux observations en microscopie electronique , sont 
contrastees a 1 1 acetate d 1 uranyle et au citrate de 
plomb . 

25 5 . Dosage de la chlorophylle . 

La technique de dosage utilisee derive de la 
methode decrite par HOLDEN ( Clorophylls in : Goodwin 
T.W. -Chemistry and Biochemistry of Plants Pigments ed: 
Academic Press, 1965, 462-488.) 

30 150 mg de feuilles ( poids frais ) sont broyees, 

a 4 " C , dans un mortier en presence de 1 ml d 1 acetone a 
80%. L'extrait acetonique est recueilli par decantation 
et conserve au froid , a l'abri de la lumiere • Les 
residus sont broyes dans 5 ml d 1 acetone a 80% 
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L'extrait acetonique obtenu a l'issu de ce second 
broyage est recupere par ciecantation. Cette operation 
est renouvelee le nombre cie fois necessaire pour que 
l'extrait acetonique, lors du dernier broyage soit 
5 incolore . Les solutions acetoniques sont rassemblees 
et ajoutees au broyat provenant de la derniere 
extraction. Apres une centri f ugation de lo min a 4500 
rpm ( rotor Kontron A 8.24) a 4*C f le surnageant est 
transfere dans une fiole jaugee afin de determiner le 

10 volume de l'extrait acetonique total. Le volume de 
l'extrait acetonique total est complete a 25 ml. 

Le dosage des chlorophylles est base sur 
1' absorption de la lumiere par les extraits 
chlorophylliens dans 1' acetone a 80% . La concentration 

15 en chlorophylle du surnageant acetonique est estimee 
par mesure de la DO a 652 run. Elle est ensuite ramenee 
au poids sec de feuilles et exprimee en mg de 
chlorophylle par g de feuilles ( poids lyophilise) . 

6 - Determination des echanges gazeux 

20 respiratoires a 1 1 aide de l'oxygraphe. 
6.1 - Principe . 

L'oxygraphe permet la mesure de la concentration 
en oxygene d'un milieu liquide . L 1 appareillage 
comprend : 

25 - une anode d 1 argent et une cathode de platine 

reliees par un pont de chlorure de potassium et 
separees d ' une cellule de mesure par une membrane de 
TEFLON permeable a 1' oxygene 

- un boitier de polarisation de l'electrode de 

30 mesure, 

- un potentiome tre enregis treur . 

Le principe de la methode consiste a mesurer le 
courant electrique qui provient de la reaction 
d ' oxydoreduction faisant intervenir 1 1 oxygene dissous , 
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1 1 electrode polarisee ( ici la cathode de platine) et 
la reaction d ' oxydation d ' une anode d 1 argent . La 
tension de polarisation est maintenue constante tout au 
long de 1 1 experimentation . 
5 6.2 - Aspects pratiques . 

Pour chaque experience, 1' electrode est calibree 
a 0% et a 100% d ' oxygene . La valeur de 0% est obtenue 
par addition, dans le milieu , de cristaux 
d'hydrosulf ite de sodium. La valeur de 100% est obtenue 

10 avec de l'eau saturee en oxygene , a la meme 
temperature que le milieu experimental. 

Les mesures sont realisees a l'obscurite en 
milieu agite , sur des fragments de feuilles d 1 environ 
50 mg ( poids frais). Les fragments sont introduits 

15 dans la chambre de mesure auparavant remplie d'une 
solution tampon constitute du melange carbonate de 
sodium 0,1 M/bicarbonate de sodium 1 M (Iv: 19 v) . On 
enregistre les variations de la concentration en 
oxygene due a la respiration des tissus dans le milieu 

20 reactionnel, pendant un temps donne . La quantite 
d ' oxygene consommee par les tissus , exprimee en ^ 
moles d'0 2 par mn et par mg de feuilles ( poids 
lyophilise) peut ainsi etre determinee par rapport a la 
valeur 100% d' oxygene (concentration maximale en 

25 oxygene d'une solution saturee d'air,a la temperature 
de 1 ■ experience ) . 
EXEMPLE 1 

Clonaqe du gene ERG 12 dans un vecteur de trans fert 
mobilisable vers A.Tumefasciens . 
30 1 " Clonage du gene ERG 12 dans le vecteur de 

transf ert . 

La carte de restriction partielle du fragment 
Bam H I-Bam H I de 2 , 8 kb qui contient le gene ERG12 
codant pour la MK est represents figure 3 . Ce fragment 
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de 2,8 kb a ete clone dans le plasmide pFL44 au niveau 
du site de restriction Bam H I . Le vecteur ainsi obtenu 
est le pAOl 1 . 

La premiere etape de la construction a consiste 
5 a doner le gene ERG12 dans le vecteur pLBR 19 
represents sur la figure 4 et qui comprend une cassette 
d 1 expression constitute du promoteur ( present en deux 
exemplaires disposes en tandem) et de la sequence de 
polyadenylation de l f ARN 35S du virus de la mosaique du 

10 chou-fleur (CAMV). Un site de clonage multiple a ete 
insere entre ces deux sequences . Cette region, d 1 une 
taille voisine de 1,5 kb, est delimitee par les sites 
uniques de restriction Sac I et Xho I. Ce vecteur porte 
en plus une origine de replication f onctionnelle dans 

15 E.coli et un marqueur permettant la selection dans 
E , coli . 

La carte de restriction partielle du plasmide 
pFL44 ( figure 5), fait apparaitre que le fragment Bam 
H I-BamH I de 2,8 kb contenant le gene ERG12, est borde 

20 par les sites uniques de restriction Pst I et Sma I. Le 
site multiple de clonage du plasmide pLBR19 represents 
sur la figure 4 comporte egalement ces deux sequences 
de reconnaissance . Le fragment Pst I-Sma I comprenant 
l f insert BamH I-BamH I de 2,8 kb , a done ete isole de 

25 pAOll, separe sur gel d 1 agarose et clone, apres 
elution, dans pLBR19 (figure 6). La construction ainsi 
obtenue (pFABl ) a ete utilisee pour transformer E. 
coli 71/18,Les clones contenant le plasmide recombinant 
ont ete selectionnes sur milieu LB contenant de 

30 1 1 ampicilline . L'ADN plasmidique extrait des colonies 

selectionnees a ete hydrolyse par BamH I et analyse par 
electrophorese sur gel d'agarose a 0,8%. Le profil de 
restriction obtenu ( figure 7, piste 2) a ete compare a 
celui du plasmide pAOl 1 hydrolyse par la meme enzyme : 
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deux bandes caracteris tiques , 1 1 une correspondant a un 
fragment de 1,8 kb et 1 1 autre correspondant a un 
fragment de 0,8 kb , sont observees . Les tallies de 
ces fragments sont celles attendues en comparaison du 
5 profil de restriction provenant de l'hydrolyse de pAOll 
par BamH I (figure 7 piste 1). 

Afin d'orienter correctement 1 1 insert par 
rapport au promo teur 35S du CAMV, on a chois i de doner 
1" ensemble du fragment [ 35S-ERG12-3' 35S], delimite 
10 par les sites de restriction Xho I et Sac I et d 1 une 
taille voisine de 4,3 kb,dans le vecteur de transfert 
Binl9 . 

La carte de restriction partielle du vecteur de 
transfert Binl9 est representee figure 8. L 1 information 

15 genetique que 1 1 on souhaite introduire dans le genome 
vegetal est clonee entre les frontieres RB et LB 
portees par ce plasmide • Ce dernier est introduit dans 
la souche LBA4404 d ' A . tumef asciens hegergeant un 
plasmide Ti (pTi) depourvu de la region T. Le transfert 

20 de la sequence clonee est alors permis grace aux 
f onctions de virulence portees par ce pTi . Le vecteur 
de transfert Binl9, utilise dans des systemes binaires 
de transformation est compatible avec les plasmides 
portant les fonctions de virulence et possede : 

25 - une origine de replication fonctionnelle dans 

E . coli , 

- une origine de replication fonctionnelle dans 
A. tumef asciens , 

- un marqueur de selection bacterien (gene 
30 codant pour la resistance a la kanamycine) , 

un gene chimerique de resistance a la 
kanamycine permettant la selection des cellules 
vegetales trans formees . Ce gene est insere entre les 
sequences bordures droite et gauche du plasmide et est 
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co-transfere dans le genome des cellules vegetales. 

Le fragment Xhol- Sac I comportant le gene ERG12 
a ete isole du vecteur pFABl et separe sur gel 
d' agarose . Apres elution, il a ete clone dans le 
5 vecteur de transfert au niveau des sites Sac I et Sal I 
qui generent des extremites compatibles avec celles 
provenant d'une hydrolyse par Xho (figure 9 ) . La 
construction resultant de ce clonage (pFAB2) a ete 
introduite, par transformation dans E.coli HB101 et les 

10 clones contenant le plasmide recombinant ont ete 
selectionnes sur milieu LB contenant de la kanamycine . 
Conune precedemment , l'ADN plasmidique extrait des 
colonies selectionnees a ete hydrolyse par BamH I et 
analyse par electrophorese sur gel d 1 agarose a 0,8 %. 

15 Les bandes caracteris tiques ( 1,8 kb et 0,8 kb) ont ete 
retrouvees (figure 10, piste 3 ). 

2- Introduction du vecteur de transfert pFAB2 
portant le gene ERG12 dans A . tumef asciens . 

Le vecteur pFAB2 a ete introduit par conjugaison 

20 dans la souche LBA4404 d 1 A . tumef asciens , resistante a 
la streptomycine et a la rifampicine en presence d'une 
souche "helper" d'E.coli comportant le plasmide pRK2013 
porteur d'un gene de resistance a la kanamycine . Ce 
plasmide, incapable de se repliquer dans A. 

25 tumef asciens est perdu , a 1' inverse du vecteur de 
transfert pFAB2 qui lui , est conserve et peut etre 
amplifie. Seuls les clones d ' A . tumef asciens qui ont 
regu ce vecteur seront capables de se developper sur un 
milieu AP contenant de la kanamycine, de la 

30 streptomycine et de la rifampicine. 

Lors des experiences de conjugaison, des 
colonies resistantes a ces trois antibio tiques ont ete 
obtenues aussi bien en presence qu 1 en absence du 
plasmide "helper" . Les colonies ainsi selectionnees 
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ont ete cultivees en milieu AP liquide contenant de la 
kanamycine et celles qui ont ete capables de croltre 
sur ce milieu ont ete retenues pour les experiences 
d ' inoculation de disques foliaires. 
5 3 - Essais gualitatif s d 1 activite MK 

Ce test , mis au point par SERVOUSE et KARST 
(Biochem. J., 240; 541-547 , 1986) permet de controler 
de fagon simple et rapide la presence ou 1' absence 
d'une activite MK dans les bacteries trans formees par 

10 les differents plasmides recombinants. 

Le contenu d'une petite anse de bacteries 
preincubees la veille sur milieu solide approprie , est 
mis en suspension dans du tampon phosphate 0 , 1 M pH 
7,4 ♦ Une goutte de toluene est ajoutee afin de 

15 permeabiliser les cellules . Apres une incubation a 
37 *C pendant 30 min, les cellules sont mises en contact 
avec le melange reactionnel (ATP 20 mM, MgCl 2 10 mM,[ 14 
C ] AMV 1,5 mM) et incubees 15 a 30 min a 35 "C. La 
reaction est bloquee par chauffage a lOO'C pendant 5 

20 min. Apres centrif ugation, le surnageant est analyse 
par chromatographie sur couche mince de gel de silice 
dans le systeme n-propanol-ammoniac-eau (6v: 3v: lv) . 
La distribution de la radioactivite , determinee par 
lecture de la plaque avec un scanner de radioactivite 

25 Berthold 2832 automatic TLC linear Analyser, permet de 
visualiser la transformation de I'AMV en AMVP (figures 
11 et 12) . 

Ce test, effectue pour la souche d*E,coli 
porteuse du vecteur pFABl ( figure 11C) ainsi que pour 
30 la souche d 1 A . tumef asciens porteuse du vecteur pFAB2 , a 
permis de deceler dans chaque cas , une activite MK . 
Les souches E.coli 71/18 [pFL44] ( figure 11A) et 
E.coli Hb lOl [ pBin 19] (figure 12A) constituent les 
temoins negatif s . La souche E.coli 71/18 [ pAOl 1 ] 
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(figure 11B) constitue , quant a elle , le temoin 
posi ti f . 
EXEMPLE 2 : 

Transfert du gene et verification de sa presence 
5 dans le genome des plants de tabac reqeneres, 

1- Obtention des plantes trans formees . 

Des fragments de feuilles de plants de tabac ont 
ete traites par la souche d 1 A . tumef asciens porteuse du 
vecteur pFAB2 selon la technique d 1 inoculation de 

10 disques foliaires decrite dans le chapitre "materiel et 
methodes " . Les fragments ont ete places sur milieu de 
regeneration contenant de la kanamycine (milieu I). Des 
fragments temoins de resistance a la kanamycine (notes 
" temoins Kan AM ) ont ete mis en culture sur ce meme 

15 milieu apres inoculation par la souche d f A . tumef asciens 
porteuse du plasmide Binl9 . Enfin, des fragments 
temoins de regeneration ( notes " temoins H 2 0 M ) ont ete 
cultives sur milieu de regeneration sans kanamycine 
apres avoir ete incubes dans de l'eau* 

20 Une cinquantaine de plantes resultant 

d 1 evenements de transformation independants ont ete 
transferees en serre. Elles proviennent de quatre 
experiences d 1 inoculation differentes . Ces plantes 
sont fertiles puisqu 1 elles ont fleuri et donne des 

25 graines . 

2 - Test de resistance a la kanamycine, 

Ce test consiste simplement a induire, sur 
milieu contenant de la kanamycine (milieu IV) , la 
formation de cals a partir d 1 un fragment foliaire . II 
30 est rapide et sans ambiguite . 

Des feuilles prelevees sur les plantes issues 
d 1 experiences de transformation et de plantes ,? temoins 
H 2 0 n sont decoupees en fragments d' environ 1 cm 2 . Les 
fragments sont ensuites places sur milieu IV. 
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Les fragments qui proviennent de plantes 
"temoins H 2 O m blanchissent tres rapidement lorsqu'ils 
sont cultives en presence de kanamycine contrairement 
aux fragments issus de plantes trans formees , a partir 
5 desquelles, il est de nouveau possible d'induire une 
regeneration . 

3 - Contr&le de la presence du gene . 

3.1 - Southern blot 

L'ADN genomique des plantes transformees a ete 
10 isole selon la technique de ROGERS et BENDICH (Plant 
Mol. Biol. 5 , 69-76 1985), decrite dans " materiel et 
methodes • X 1 a ete hydrolyse par Bam HI, puis apres 
electrophorese , trans fere sur membrane de 

nitrocellulose. II a ete ensuite hybride avec une sonde 
15 correspondant au fragment Bam HI-Bam HI de 1,8 kb qui 
contient probablement la plus grande partie du gene 
ERG12 (OULMOUDEN et KARST, Curr . Genet, 19, 1991,9-14, 
1990 ) . 

La figure 13 represente les resultats d 1 une 
20 experience d 1 hybridation : on retrouve, au niveau de la 
piste correspondant a l'ADN extrait d 1 une plante 
transformee ( piste 3), un fragment dont la taille est 
celle que 1 ' on pouvait attendre (1,8 kb) , montrant 
ainsi que 1 ' integration du gene ERG12 a bien eu lieu. 
25 Cette serie d 1 hybridation comporte egalement deux 
temoins : 

- un temoin correspondant a 1' hydrolyse par Bam 
HI de l'ADN genomique d'une plante , " temoin H 2 0", 
hybride avec la meme sonde (piste 2) : aucune bande 

3 0 n ' est observee , 

- un temoin correspondant a 1' hydrolyse par Bam 
HI de l'ADN du plasmide pAOll (vecteur d'ou a ete isole 
le gene ERG12 et qui constitue le temoin positif ) , 
hybride avec la meme sonde : on retrouve une bande 
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correspondent a un fragment d'une taille tie 1,8 kb 
( pis te 1 ) . 

II convient cependant de noter que l'obtention 
d'une reponse claire et sans ambiguite , par cette 
5 technique , necessite , en particulier chez les 
vegetaux , 1* extraction d'une quantite relativement 
importante d'ADN. Ceci est a mettre en relation avec la 
taille importante des genomes vegetaux et avec le 
faible nombre de copies generalement presentes dans le 
10 genome des plantes transformees par les agrobacteries . 

3-2 Reaction de polymerisation en chaine 

( PCR) . 

a- choix des amorces 

Les deux oligonucleotides (appeles ON^ et ) 
15 synthetises chimiquement et utilises comme amorce dans 
les reactions de PCR ont ete choisis de f agon a avoir a 
l'interieur du fragment amplif ie , un site unique 
reconnu par 1 1 enzyme de restriction Bam HI. Leurs 
sequences sont les suivantes : 
2 0 - ON x 5 ATGTCATTACCGTTCTTAACTTCT 3 ' 

- ON 2 5 ' GCTTGAGCCCAACCC 3 ' 

La localisation de ces deux oligonucleotides et 
celle du site Bam HI, au niveau de la sequence 
nucleotidique du gene ERG 12 est representee figure 14 . 
2 5 La par tie amplif iee in vitro doit correspondre a un 
fragment de 447 pb . Une hydrolyse par Bam HI du 
fragment ampli f ie doit liberer deux fragments de ISO et 
297 pb. 

b - resultat de 1 ' amplif ication . 
30 Le choix d'une temperature d 1 hybridation de 45*C 

a ete guide par la temperature de fusion des amorces 
(Tm) qui determine 1 1 hybridation de ces memes amorces 
sur 1 ' ADN a amplifier. 

Une bande d'une taille voisine de 447 pb est 
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amplifiee avec le couple d ' amorces ON^ et ON2 pour les 
echantillons correspondant a 1 ' ADN genomique des 
plantes transformees ( figure 15, pistes 1 a 6 ) de meme 
que pour 1 ' echantillon d ' ADN genomique de levure qui 
5 constitue le temoin positif ( figure 15, piste 7), Les 
resultats qui concernent les differentes plantes 
transformees ont ete obtenus apres suramplif ication . 
Cette etape permet de mieux visualiser les bandes dont 
I'intensite etait faible , dans certains cas, apres la 

10 premiere amplification . 

Aucune bande d • amplification n'est obtenue avec 
les amorces ONj et ON 2 seules, a partir de l'ADN 
genomique de levure ( figure 15, pistes 8 et 9): la 
bande d 1 amplification visible au niveau des pistes 1 a 

15 7 resulte done bien d'une amplification obtenue avec 
les deux amorces. 

Aucune bande d ' amplification n'est observee dans 
le cas d ' ADN genomique isole de plante " temoin H 2 0" 
(figure 15, piste 10). 

20 Un autre controle consistant a remplacer l'ADN 

par de l'eau sterile prouve qu'aucun des constituants 
utilises n ' etait contamine par de 1 ' ADN exogene 
puisqu 1 aucune bande d ' amplification n'est observee dans 
ce cas ( figure 15, piste 11). 

25 c- analyse du fragment amplifie. 

L'obtention d'une bande d'une taille voisine de 
447 pb ne suf f it pas pour af firmer qu 1 il s 1 agit bien 
d'une amplification a partir du gene ERG12 . Le fragment 
amplifie a done ete elue apres migration, hydrolyse par 

30 Bam HI et analyse par electrophorese sur gel d 1 agarose. 

Deux bandes sont observees; l'une correspond a un 
fragment d'une taille voisine de 297 pb et 1 1 autre a un 
fragment d'une taille voisine de 150 pb . Ce profil est 
obtenu aussi bien a partir d'ADN genomique de levure 
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(figure 16, piste 2) qu'a partir d ' ADN genomique de 
plantes transformees (figure 16, piste 1). Le fragment 
amplifie, dans ce dernier cas, correspond done bien au 
gene ERG12 . 
5 3.3- Conclusion. 

L 1 ensemble des resultats obtenus par Southern 
blot et par PCR montre done que 1 ' integration du gene 
ERG12 dans le genome des plantes transformees a bien eu 
lieu . 
10 EXEMPLE 3 : 

Etude des effets de 1' insertion. 

1 ) Effets sur la croissance et sur la 
regeneration des plantes transformees. 

1.1 Regeneration 
15 a- observations . 

Deux semaines sont necessaires pour voir 

apparai tre, chez les "temoins ^O" , un debut de 

callogenese qui prend place tout d'abord sur le bord 

des fragments mis en culture et qui envahit ensuite 

20 progressivement la surface des explants ; au bout d ' un 

mois , le cal est assez abondamment developpe . A ce 

stade , la dif f erenciation de racines precede tres 

souvent 1 'organisation de bourgeons. 

p 

Chez les 11 temoins Kan ' , la callogenese est 
25 faible.il y a formation de bourgeons entre trois 

semaines et un mois apres la mise en culture des 
explants. Cette dif f erenciation semble pouvoir 
s ' initier a partir de cals peu developpes mais 
egalement de maniere plus directe, en dif ferents points 
30 du pourtour du fragment. 

Pour les fragments traites par la souche 
d 1 A . tumes f asciens porteuse du vecteur pFAB2 , la 
dif f erenciation intervient sans que 1 1 on puisse 
auparavant discerner la formation d'un cal. Des 
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bourgeons sont visibles, en differents points du bord 
des explants, trois semaines apres leur mise en 
culture. Ceci est comparable a ce que 1 ' on observe 
pour les fragments " temoins Kan R " . Cependant, le 
5 developpement ulterieur de ces bourgeons semble 
beaucoup plus rapide . Simultanement , une callogenese 
qui semblait pratiquement inexistante au depart, prend 
place - A partir de ces groupes de cellules 
indif f erenciees , peuvent se differencier de nouveaux 

10 centres organogenes qui donneront naissance a de 
nouveaux bourgeons, Ainsi, le nombre de centres de 
regeneration, au niveau des fragments traites par la 
souche d 1 A. tumef asciens porteuse du vecteur pFAB2 est 
plus eleve que pour les "temoins H 2 0" et "Kan Rn . II en 

15 resulte un nombre egalement plus important de plantules 
regenerees . 

Les plantules en cours de regeneration sont 
excisees et repiquees en boite de Petri sur milieu sans 
hormone mais contenant toujours 1 1 agent selectif 

20 (milieu III) , afin de favoriser le developpement de 
racines . Les plantules qui proviennent des fragments 
"temoins H 2 0" sont, quant a elles, transferees sur 
milieu sans hormone et sans agent selectif . Lorsque 
les racines apparaissent , les plantes sont repiquees 

25 sur le meme milieu contenu dans des boites de culture 
Magenta GA 3 ( Poly Labo ) pour permettre leur 
developpement . Quelques semaines apres cette etape (en 
general deux semaines), une difference de croissance 
notable peut deja etre observee :les feuilles des 

30 plantes regenerees a partir d 1 explants inocules par la 
souche d 1 A . tumef asciens porteuse du vecteur pFAB2 sont 
plus developpees, les entrenoeuds sont plus courts et 
les tiges semblent beaucoup plus "trapues", ceci en 
comparaison des plantes " temoins H 2 0" et "Kan R,t . Les 



W O 93/1618" 



PCT/FR93/00134 



45 



plantes " temoins Kan ont une allure similaire aux 
plantes " temoins I^O" . Deux mois apres le transfert 
en bolte de culture Magenta, les plantes regenerees 
sont transferees en condition non aseptique . 
5 II faut done environ quatre mois, a compter du 

jour de 1 1 inoculation, pour obtenir des plantes 
completes qui soient capables de croi tre apres 
transfert en terre. Ces plantes sont ensuite maintenues 
sous cloche durant un mois au laboratoire sous 
10 photoperiode naturelle, afin de reduire au maximum les 
traumatismes provoques par le sevrage, Elles sont, 
apres cette periode d 1 accl imatation , cultivees en 
serre . 

b - Conclusion. 

15 Compares aux differents temoins, les processus 

intervenant dans la regeneration des plantes ayant 
integre dans leur genome le gene ERG12, se 
caracterisent par : 

- une reduction plus ou moins importante de la 
20 phase cal au profit d'une organogenese plus precoce se 

traduisant par une dif f erenciation presque directe de 
bourgeons , 

un nombre de centres de regeneration plus 
eleve consecutif a une dif f erenciation s r initiant a 
25 partir de centres secondaires, 

- un developpement des bourgeons beaucoup plus 

rapide , 

- des plantes d' aspect plus "trapu" avec des 
feuilles plus developpees. 

30 1.2 Caracteris tiques morphologiques et 

croissance des plantes transformees . 
a . Observations . 

Un suivi regulier des plantes transformees , 
cultivees en serre, a ete effectue . Leur croissance et 
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leurs caracteristiques morphologiques ont ete comparees 
uniquement a celle des plantes 11 temoin H2O" . 

Le phenomene de precocite observe lors de la 
regeneration, au niveau de la dif f erenciation des 
5 bourgeons, se maintient chez les plantes adultes 

Cette precocite , tres marquee durant la phase de 
croissance des plantes , s 1 attenue toutefois legerement 
a mesure que 1 • on s ' achemine vers la f loraison . Dans la 
majeure partie des cas, la f loraison des plantes ayant 

10 integre dans leur genome le gene ERG12 et celle des 
plantes temoins sont decalees dans le temps ( de deux a 
trois semaines ) . Ce decalage est toujours favorable 
aux plantes trans formees . Pour un cas particulier , un 
decalage all ant dans le meme sens mais , cette fois-ci, 

15 beaucoup plus marque ( de 1 1 ordre de trois mois ) , a 
ete observe sans que 1 1 on puisse savoir si cela etait 
une consequence extreme de 1 1 insertion du gene . 

Le phenomene d ' acceleration de la croissance, 
observe initialement , lors du developpement des 

20 bourgeons , se maintient egalement chez les plantes 
adultes . Les plantes trans formees ont une taille plus 
importante et un nombre de rangs plus eleve ( 
acceleration du plas tochrone ) . Leurs entrenoeuds sont 
maintenant plus developpes que chez les plantes 

25 temoins . Ce phenomene s ' attenue a mesure que 1 1 on se 
rapproche de la floraison. La surface foliaire est 
augmentee ( f acteur variant de 1,3 a 1,5), en 

particulier pour les feuilles situees a la base de la 
plante . 

3 0 Enf in , les plantes trans formees montrent des 

inflorescences plus ramif iees . Le nombre de f leurs par 
inflorescence est augmente ( f acteur 3 pour les 
inflorescences principales ) . Le nombre de graines 
recoltees est done plus eleve . 
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b - Conclusion. 

La croissance des plantes ayant integre dans 
leur genome le gene ERG12, est, tout conune leur 
regeneration, marquee par un caractere de precocite et 
5 de rapidite qui semble cependant legerement s 1 attenuer 
a 1 'approche de la floraison et qui conduit a un 
important developpement des inflorescences . 

2. Analyses histologique et inf ras tructurale 
Cette etude , realisee en parallele sur des 

10 feuilles de plantes transformees et de plantes " temoin 
H2O" / a ete entreprise dans le but de rechercher si 
les differences morphologiques observees lors de la 
croissance des plantes regenerees pouvaient etre 
reliees a des modifications de nature histologique et 

15 inf ras tructurale . Des coupes transversales ont ete 
obtenues a partir de fragments provenant de plantes 
agees de 6 mois , 

Les observations his tologiques , accompagnees de 
mesures sur cliches photographiques , permettent de 

20 mettre en evidence, chez les plantes transformees , une 
diminution de la taille moyenne des cellules du 
mesophylle, par rapport aux plantes " temoin H 2 0". 
Cette diminution, de l'ordre de 20 a 30% dans tous les 
cas examines, implique pour un meme volume, une 

25 augmentation du nombre de cellules d'une valeur 
equivalente. Etant donne que les organes, en 
particulier les feuilles, ont une taille moyenne 
augmentee d 1 un facteur 1,5 et que les entrenoeuds ont 
egalement une longueur accrue, on peut conclure a une 

30 intense proliferation cellulaire dans 1' ensemble de la 

plante . On constate par exemple que le parenchyme 
palissadique apparait biserie alors qu'il est uniserie 
dans les feuilles des temoins . 

L' analyse inf rastructurale des cellules du 
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mesophylle fait egalement apparaitre un certain nombre 
de modifications, qui concerne en particulier les 
mitochondries et les chloroplastes . Chez les " temoins 
H2O" , les plastes des cellules du parenchyme 
5 palissadique sont du type amylochloroplastes 
, caracterises par la presence de nombreuses et 
volumineuses lentilles d'amidon intras tromatiques . Ces 
lentilles sont nettement moins nombreuses et de taille 
beaucoup plus reduite dans les cellules des plantes 

10 transformees . On note egalement que chez ces 
dernieres, les mitochondries sont nombreuses, de petite 
taille, de forme spherique tandis que chez les temoins, 
elles paraissent plus allongees et moins nombreuses . 
De plus , la densite en ribosomes cytosoliques apparait 

15 plus importante chez les plantes transf ormees . Tous 
ces caracteres indiquent une activite metabolique plus 
intense chez les plantes transformees . 
3- Dosage de la chlorophylle. 

Cette analyse a ete entreprise dans le but de 
20 determiner si la couleur verte des f euilles plus 
intense , observee au niveau des plantes trans f ormees 
par rapport a celle des plantes temoins , pouvait etre 
le reflet de modifications de la teneur en chlorophylle 
totale (chlorophylle a et chlorophylle b) . 
25 Plusieurs series de dosages, realises sur des 

f euilles de niveau moyen provenant de plantes 
transformees et de plantes " temoin H2O" permettent de 
mettre en evidence une augmentation du taux de 
chlorophylle totale ( valeurs ramenees au poids de 
30 materiel lyophilise) d 1 un facteur variant de 2,5 a 3 
chez les plantes transformees . II faut toutefois noter 
que, lorsque 1 1 on s'adresse a des f euilles de la 
partie apicale des plantes, cette difference n'est pas 
retrouvee . 
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4 - Mesure des echanges gazeux respiratoires * 
Ces mesures , realisees a l'aide de 1'oxygraphe, 
a partir de fragments de feuilles situees a la base de 
plantes agees de six mois, ont ete effectuees en 
5 parallele chez les plantes trans formees et chez les 
plantes temoins . Elles ont permis de mettre en evidence 
une modification des echanges gazeux respiratoires . En 
effet, chez les plantes trans formees , ces echanges sont 
augmentes d 1 un facteur variant de 1,6 a 2 par rapport 
10 aux plantes " temoin H 2 0 M et ceci pour une meme 
surface foliaire . Ces resultats peuvent etre relies a 
ceux apportes par les observations ultras true turales 
concernant notamment les mitochondries et indiquent une 
activite metabolique plus intense chez les plantes 
15 trans formees . 

5 . Transmission hereditaire du gene . 
Les plantes transformees ont donne des graines 
qui ma j oritairement permettent l'obtention de plantes 
resistantes a la kanamycine . 
20 Seulement un petit nombre (inferieur a 5% ) de 

plantes issues de ces graines redevient sensible 



WO 93/16187 



PCT/FR93/00134 



51 



REVINDICATIONS 

1. Plante caracterisee en ce quelle porte dans 
son genome un ou plusieurs genes codant pour une ou 

5 plusieurs enzymes des etapes precoces de la voie de 
biosynthese des phytosterols , lesdits genes soit ne 
se retrouvant pas dans la plante native, soit etant 
originaires de ladite plante, auquel cas ils sont 
presents dans un nombre de copies superieur a celui de 
10 la plante native ou ils sont modifies dans leur 
structure ou leur fonction par rapport a ceux de la 
plante native. 

2. Plante selon la revendication 1, 
caracterisee en ce que ladite etape precoce est la 

15 transformation de I'acide mevalonique en mevalonyl 5- 
phosphate . 

3. Plante selon I'une des revendications 1 et 
2, caracterisee en ce qu'elle porte un ou plusieurs 
genes codant pour une ou plusieurs mevalonate-kinases . 

20 4. Plante selon la revendication 3, 

caracterisee en ce que la mevalonate kinase est codee 
par le gene ERG 12 , 1 1 un de ses derives ou fragments 
exprimant une activite mevalonate kinase. 

5. Plante selon l'une quelconque des 
25 revendications 1 a 3 caracterisee en ce qu'elle porte 

un ou plusieurs genes codant pour 1' activite 
mevalonate kinase chez les cruciferes , et en 
particulier chez Arabidopsis ou chez le colza. 

6. Plante selon la revendication 1, 
30 caracterisee en ce qu'elle porte un ou plusieurs genes 

codant pour une farnesyl diphosphate synthetase. 

7. Plante selon la revendication 6, 
caracterisee en ce que la farnesyl diphosphate 
synthetase est codee par le gene ERG20 de la levure , 

35 ou I'un de ses derives ou fragments exprimant une 
activite farnesyl diphosphate synthetase. 
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8. Plante selon la revendication 1, 
caracterisee en ce qu'elle porte un ou plusieurs genes 
codant pour une AMVP kinase. 

9. Plante selon la revendication 8, 
5 caracterisee en ce que l'AMVP kinase est codee par le 

gene ERG8 , ou 1 ' un de ses derives ou fragments 
exprimant une activite AMVP kinase. 

10. Plante selon 1 1 une des revendications 1 a 

9, caracterisee en ce qu'elle appartient a la 
10 categorie des plantes oleoproteagineuses . 

11. Plante selon 1 1 une des revendications 1 a 

10, caracterisee en ce qu'elle appartient a la famille 
des cruciferes et en particulier fait partie des 
especes colza. 

15 12. Plante selon 1 'une des revendications 1 a 

10, caracterisee en ce qu'elle fait partie de 1 ' espece 
tournesol . 

13, Plante selon 1 1 une des revendications 1 a 

9, caracterisee en ce qu'elle fait partie des especes 
20 Vigna radiata ou aubergine. 

14. Plante selon 1 ' une des revendications 1 a 

10, caracterisee en ce qu'elle appartient a la famille 
des Fabacees et en particulier fait partie de 1' espece 
soj a . 

25 15. Plante selon 1 ' une des revendications 1 a 

14, caracterisee en ce que le ou les genes sont places 
sous le controle d ' un promoteur insere a proximite du 
ou des genes d ' une maniere a permettre 1' expression de 
leurs produits biologiquement actifs . 

30 16. Vecteur pour 1 ' insertion d'au moins un gene 

codant pour une ou plusieurs enzymes des etapes 
precoces de la voie de biosynthese des phytos terols , 
dans des cellules vegetales, caracterise en ce qu'il 
comprend : 

35 - une sequence du gene a inserer, 
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- une ou plusieurs sequences promoteur en amont 
du gene a inserer , 

- une ou plusieurs sequences terminateur en 
aval du gene a inserer , 

5 - un ou plus ieurs marqueurs permettant la 

selection des cellules dans lesquelles le gene s'est 
insere , et 

- eventuellement des sequences d 1 un pi as mi de Ti 
permettant le transfert desdits genes et marqueurs 

10 d 1 une bacterie vers une cellule vegetal e , lesdits 

genes et marqueurs etant orientes et inseres , de 

maniere a permettre leur expression, 

17 .Vecteur selon la revendication 16 ,caracte- 

rise en ce que le gene code pour une mevalonate kinase 
15 18. Vecteur selon la revendication 17, 

caracterise en ce que le gene est le gene ERG 12 . 

19. Plasmide pFAB2 selon la revendication 18 , 

caracterise en ce qu'il a ete depose sous le n" 1-1176 

du 14 Fevrier 19 9 2 aupres de la Collection Nationale 
20 de Culture des Microorganismes de 1 9 Institut Pasteur 

(CNCM) . 

20- Procede de traitement d 1 une plante par 
insertion dans son genome d 1 un gene codant pour une ou 
plusieurs enzymes des etapes precoces de la voie de 
25 synthese des phytosterols . 

21. Procede selon la revendication 20 , 
caracterise en ce que 1 'insertion est effectuee par 
transfert dans des cellules individualisees ou dans 
des groupes de cellules d'un vecteur selon 1 1 une des 
30 revendi cations 16 a 19 , eventuellement en presence 
d ' un autre vecteur de type plasmide Ti ay ant des 
f one t ions permettant ce trans f ert . 
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145 GTT GTT TAT GAT TGT TGA TTATTC ATG TTT TGT TGT GAT GTG GGG GGG 192 

AGG CAT TTT ACT TAG GTA ACG GAA AGA TTG ATG AAT GAT GGT ATT ATT 240 



193 



289 
337 
385 



1009 

160 
1057 

176 
1105 



288 



24 1 AGT GTG ATA AGG AAT .AAA AAG AGA GGT TGG TAG TAG TTG TGG GGT GGA 

AAG GTA GGG ATA GGG TTG GAG AGT ATG TGA GTT TGA GAA TGG GTA GAG 336 
ATT TAT GTT TAA AGA GGG GTT TTG TGG TAG TTT TGG GTT AAG GTG TAT 
TTT ATG GGT TGT AAT TGT AGT GAG AAT TTT GGG GGG TGG TTT GGG TGT 43 
433 GGG AGT GAA ATG TTG GAG AGG GTA TGG AAG AAG GAT AGA AGG ATA TGG 
48 1 GTA TAA AGG TTA GTT AGG G AT G AT ATT AGT TGG TGG TTT AGT GGT GGG 
529 GTT GTT AGT GGT AAG TTG GAA ATT TAT ATG TAG GTA TAG AAA AGT GTG 576 
1 Met Ser Leu Pro Phe Leu Thr Ser Ala Pro Gly Lys Val He He 15 

577 AAT ATG TGA TTA GGG TTG TTA AGT TGT GGA GGG GGA AAG GTT ATT ATT 624 



384 
<2 
480 
528 



16 Phe Glv Glu His Ser Ala Val Tvr Asn Lys Pro Ala Val Ala Ala Ser 31 

625 TTT GGT GAA GAG TGT GGT GTG TAG AAG AAG GGT GGG GTG GGT GGT AGT 672 

3^ Val Ser Ala Leu Ar° Thr Tvr Leu Leu lie Ser Glu Ser Ser Ala Pro 47 

673 GTG TGT GGG TTG AGA AGG TAG GTG GTA ATA AGG GAG TGA TGT GGA GGA 720 

48 Asp Thr He Glu Leu Asp Phe Pro Asp He Ser Phe Asn His Lys Trp 63 

721 GAT AGT ATT GAA TTG GAG TTG GGG GAG ATT AGG TTT AAT GAT AAG TGG 768 



79 
816 



64 Ser lie Asn Asp Phe Asn Ala He Thr Glu Asp Gin Val Asn Ser Gin 

769 TGG ATG AAT GAT TTG AAT GGG ATG AGG GAG GAT CAA GTA AAG TGG GAA 

80 Lvs Leu Ala Lvs Ala Gin Gin Ala Thr Asp Gly Leu Ser Gin Glu Leu 95 

817 AXA TTG GGG AAG GGT GAA GAA GGG AGG GAT GGG TTG TGT GAG GAA GTG 864 

96 Val Ser Leu Leu Asp Pro Leu Leu Ala Gin Leu Ser Glu Ser Phe His 111 

865 GTT AGT GTT TT G GAT GGG TTG TTA GGT GAA GTA TGG GAA TGG TTG GAG 912 

ii -> Tvr Wis Ala Ala Phe Cvs Phe Leu Tvr Met Phe Val Cys Leu Cys Pro 127 

III TAG GAT GGA GGG TTT TGT TTG GTG TAT ATG TTT GTT TGG GTA TGG GGG 960 

t>q uic Ain lvs Asn He Lvs Phe Ser Leu Lvs Ser Thr Leu Pro He Gly 143 

961 GAT GGG AAG aTt ATT AAG TTT TGT TTA AAG TGT AGT TTA GGG ATG GGT 1008 

144 Ala Gly Leu Glv Ser Ser Ala Ser lie Ser Val Ser Leu Ala Leu Ala 159 

" " GGT GGG TTG GGG TGA AGO GGG TGT ATT TGT GTA TGA GTG GGG TTA GGT 1056 

1 u _ _k Jki. * 



VteTSa "Tvr^teu Glv *v Leu lie Gly Ser Asn Asp Leu Glu Lys Leu 175 
ATG GGG TAG TTG GGG GGG TTA ATA GGA TGT AAT GAG TTG GAA AAG GTG 1 104 

c„ r G \n Asn Asd Lvs His He Val Asn Gin Trp Ala Phe He Gly Glu 191 
TGA G^A aTg GAT AAG G AT ATA GTG AAT GAA TGG GGG TTG ATA GGT GAA 1152 

. i site Bom HI. 
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